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Photoresponsive Crown Ethers. Part 20.t Reversible Photocontrol of 
Association-Dissociation Equilibria between Azobis( benzo-I 8-crown-6) and 
Diammonium Cations 

Seiji Shinkai," Tohru Yoshida, Osamu Manabe, and Yoshio Fuchita 
Department of Industrial Chemistry, Faculty of Engineering, Nagasaki University, Nagasaki 852, Japan 

The solution properties of complexes formed from azo( benzo-I  8-crown-6) (1 ) and polymethylene-X,o- 
diammonio cations [ H,N + (CH2)nN H: ( 2 ) ]  have been evaluated through measurements of  average 
molecular weights, viscosity, n.m.r. spectra, and electrical conductance. The trans compound (1 ) and (2 ;  
n = 6) forms a polymeric complex wi th  Nav (average aggregation number) = 20 while trans- (1 ) and (2 ;  
n = 12) form a 1 : 1 pseudocyclic complex. The difference is related to the geometrical fitness of the t w o  
terminal ammonium cations to the two crown rings in  trans-(I),  i.e. when the distance between the t w o  
ammonium cations in ( 2 )  is shorter than that between the two crown rings in (1 ), they form a polymeric 
complex. When the t w o  distances are comparable, they form the 1 : 1 pseudocyclic complex. The n.m.r. 
chemical shift of  the methylene protons in  the 1 : I  trans-(1)-(2; n = 12)  complex move to  higher 
magnetic field by 0.10-0.58 p.p.m., findings which support the view that in the complex these 
methylene protons lie exactly on the azobenzene moiety of trans- ( I  ). Photoisomerised cis- (1 ) shows 
different aggregation modes because of  the change in  the distance between the t w o  crown rings: a 1 : 1 
complex for c is - ( I )  + (2;n = 6)  and a 2:2 complex for cis-(I) + (2;n = 12).  The photoinduced 
depolymerisation from the polymeric complex to  the l o w  molecular weight 1 :I complex for ( 1 )  + (2; 
n = 6)  has been detected by  viscosity measurements: qs,,/C = 0.440 for trans-(1) + (2 ;  n = 6) and 
0.354 for cis- ( I  ) (cis% 70-78%) + (2 ;  n = 6 ) .  The photoresponsive change in the aggregation mode is 
accurately reflected by  the change in  the electrical conductance. The conductance for ( 1 )  + (2; n = 6) 
increases on U.V. irradiation and decreases on visible light irradiation. This photoresponsive wave can be 
reproduced many times by  alternate irradiation with U.V. and visible light. The reverse photoresponsive 
wave is observed for ( 1 )  + (2 ;  n = 12).  The conductance changes were well correlated wi th  the changes 
in  the aggregate size of these complexes. This is a novel example of reversible interconversion of 
polymers and low molecular weight pseudomacrocycles and of  the transmission of light energy t o  
electrical conductance. 

The development of photofunctional systems which change 
their chemical and physical properties in response to 
photoirradiation is currently a focus of interest in the field of 
bio-organic chemistry. * Thus, the photofunctional systems 
reported so far are related to the photocontrol of ion 
transport,2 solution PH,',~ membrane polymer 
conformations, 3-1 host-guest complexation,' 7-20 etc. The 
purpose of our investigation in this field was to control the 
functions of a crown ether family by an on-off light switch, 
which can be extended eventually to photoregulation of ion- 
extraction and carrier-mediated membrane transport.' In 1980, 
we reported a new photoresponsive crown ether, azo(benzo- 
crown ether)s which exhibited a butterfly-like motion in 
response to photoirradiation.2',22 These crown ethers have 
been designed so that the distance between two crown ethers 
can change upon photoisomerisation of the azobenzene 
segment. Thus, trans-azo(benzo-18-crown-6) [trans-(1)] forms a 
I : I metalkrown complex with Na+ and K' while cis-(1) forms 
an intramolecular 1 : 2 metalkcrown sandwich complex with 

I t  is well established that 18-crown-6 and its analogues can 
form stable complexes with ammonium cations, the stability 
constants being comparable with those of K +  c ~ m p l e x e s . ~ ~ - ~ ~  
Thus, they are frequently employed as receptors to fix the 
ammonium moiety in guest molecules. For example, bis(crown 
ether)s and polymethylene-a,o-diammonio cations can form 

t Part 19; S. Shinkai, T. Yoshida, K.  Miyazaki, and 0. Manabe, Bull. 
Cheni. Soc. Jpn., 1987, 60, 1819. 
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1 : 1 pseudocyclic complexes when the distance between the two 
crown systems is close to the distance between the two 
ammonium  cation^.^'-^ On the other hand, intermolecular, 
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polymeric complexes result when the two crown systems are 
not suitably located to form pseudocyclic 1 : 1 c ~ m p l e x e s . ~ ~ - ~ l  
In compound (1) the distance between the two crown systems 
changes reversibly through photoinduced trans-cis intercon- 
version. One may thus expect that trans-(1) and the 
polymethylene-z,o-diammonio cation [H,N+(CH,),NH,+; 
(2)] form either a polymeric complex or a pseudocyclic complex 
and the complexation mode changes in response to photo- 
irradiation. Examination of Corey-Pauling-Koltun models 
suggests that (2; n < 9) possibly forms a polymeric complex 
while in (2; n > 9) it is sterically possible to form a pseudocyclic 
complex. To obtain an insight into the photoresponsive 
properties of (l), we assessed the effect of photoirradiation on 
electrical conductance, average molecular weights, viscosity, 
and n.m.r. spect5a of (1)-(2) complexes. 

I I I I 

Figure 1. Apparatus for measurements of the photoinduced changes in 
conductance: L, high-pressure Hg lamp; F, coloured glass filter; S, 
stirrer; C, conductance electrode; R, thermoregulator 

0 Me Me 0 
BS H 3 k H , : H N w  NHCCH,NH3BS II + - 

(3) 
Bs-: butane - 1  - sulphonate 

TsMe3k(CHz In 64Me,T; 

(4 1 

Ts- : t o I uen e - p- s u I p ho n a t e 

Experimental 
Materials.-Preparation of azo(benzo- 18-crown-6) (1) has 

been described p r e v i o u ~ l y . ~ ~  The diammonium salts (2) were 
prepared by the treatment of polymethylenediamines with 
toluene-p-sulphonic acid. The products were identified by 
elemental analysis. 

4,4 ' - Bis( ammon ioace t amido)- 3,3 '-dime thylbiphen yl (3).-3,3 '- 
Dimethylbiphenyl-4,4'-diamine (5.0 g, 23 mmol), N-benzyloxy- 
carbonylglycine (9.7 g, 46 mmol), and dicyclohexylcarbodi- 
imide (10.5 g, 51 mmol) were refluxed in tetrahydrofuran (150 
ml) for 60 h. The precipitate obtained from the cooled reaction 
was collected by filtration and washed well with hot methanol to 
remove dicyclohexylurea. 4,4'-Bis(benzyloxycarbonylamino- 
acetamido)-3,3'-dimethylbiphenyl was thus obtained (4573, 
m.p. 209-211 "C; S[(CD,),SO] 2.26 (6 H, Me), 3.88 (4 H, 
NCH,), 5.07 (4 H, OCH,), 7.37 ( 5  H, Ph), 7.45,7.52, and 7.53 (2 
H each, biphenyl protons), and 7.60 and 9.31 (2 H, each, NH) 
(Found: C, 68.9; H, 5.8; N, 9.5. Calc. for C,,H,,N,O,: C, 68.7; 
H, 5.8; N, 9.4%). 
4,4'-Bis(benzyloxycarbonylaminoacetamido)-3,3'-dimet hyl- 

biphenyl (1.0 g, 1.7 mmol) was dissolved in methanol-acetic 
acid-water (50 ml; 8:2: 1 v/v/v) and reduced at room 
temperature with hydrogen in the presence of Pd-C (0.3 g). 
After 40 h, the reaction mixture was filtered in a nitrogen stream 
and the filtrate was evaporated to dryness. The residue was 
dissolved in water (10 ml) and treated with activated charcoal. 
Addition of a solution of the toluene-p-sulphonate (10%) 
precipitated the bis(to1uene-p-sulphonate) salt of (3). The 

Table 1. Average aggregation numbers (Nav) of (1)-(2) complexes" 

(2) Crown ether cis%b N a v  

(2; n = 6) trans-(l) 20.0 f 5.0 
(2; n = 6) cis-(1) 72 - 66 3.0 & 0.2 
(2; n = 12) trans-(l) 2.4 f 0.4 
(2; n = 12) ci.~-(l) 58 + 45 4.0 f 0.2 

" 50 OC, butan-1-01; [(l)] = [(Z)], [(l)] + [(2)] = 0.600 g 1-'. The 
values indicate the cis% before and after the vapour pressure 
measurement. 

precipitate was recrystallised from water (63%), m.p. 245 "C 
(decomp.);G(CD,OD)2.33 and 2.35 (6 H each,Me), 3.96 (4 H, 
CH,), 7.21 and 7.70 (2 H each, aromatic protons in toluene-p- 
sulphonate), and 7.44, 7.50, and 7.54 (2 H each, ArH in 
biphenyl) (Found: C, 56.5; H, 5.7; N, 8.1; S, 9.5. Calc. for 

salt was not very soluble in butan-1-01 so the counteranion was 
changed to butane-1-sulphonate by treatment with the ion- 
exchange resin. The bis(butane- 1 -sulphonate) salt of (3) showed 
satisfactory solubility in butan-1-01. 

C32H38N,08S2*0.~H20: c ,  56.5; H, 5.8; N, 8.2; s, 9.4%). The 

Measurements of Electrical Conductance.-Conductance 
measurements were carried out at 30 "C using the apparatus 
illustrated in Figure 1. Photoisomerisation was conducted using 
a 100-W high-pressure Hg lamp with a coloured glass filter: 
Toshiba UV-D35 (330 < h < 380 nm) for U.V. and Toshiba 
Y-46 (A > 460 nm) for visible light. The containers for a 
thermostatted water-bath and a sample solution were made of 
transparent Pyrex glass. In order to avoid heat effects caused by 
the Hg lamp on the electrical conductance, both the water-bath 
and the sample solution were stirred efficiently. 

Measurements of Average Molecular Weights.-The average 
molecular weights (M W,,) of the complexes formed between (1) 
and (2) were determined by vapour pressure osmometry 32--34 

(50 "C; butan-1-01). The apparatus (Corona, Type 117) was first 
calibrated in the presence of equimolar amounts of (1) and 
N,N,N,N',N',N'-hexamethylpolymethylene-a,~-diammonio 
cation [Me,N+(CH,),NMe,+ (4)] and then used for the 
measurement of the trans-( 1)-(2) complexes. The measurement 
for the cis-( 1)-(2) complexes is somewhat complicated: the 
butan-1-01 solution of trans-(1) and (2) was irradiated with 
U.V. light and the percentage cis isomer at the photostationary 
state was determined spectrophotometrically. This solution 
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was immediately transferred to the apparatus. After the 
measurement of MW,,  (ca. 15 min), the percentage cis 
was redetermined spectrophotometrically. The results are 
summarised in Table 1. 

Misc.ellrnrous.-N.m.r. spectra were measured with JEOL 
JX-400. Viscosities of the (1)-(2) complexes were measured at 
34 “C in o-dichlorobenzene-butan-1-01 (1 : 1 v/v) using a 
modified Ubbelohde viscometer. The % cis for (1) was 
determined before and after the measurement. 

Results and Discussion 
Osmometric Determination of Average Molecular Weights 

(MW,,). The MW,, values for the equimolar mixture of (1) and 
(2) were determined in butan-1-01. The aggregation numbers 
(N, , )  were computed on the basis of the definition 
MWmOnOmer = [MW,,, + MW,,,]/2 and are recorded in 
Table 2. As described earlier, examination of Corey-Pauling- 
Koltun models suggests that the distance between the two 
ammonium cations in (2; n = 6) is shorter than that between the 
two crown systems in trans-(1). In other words, (2; n = 6) is too 
short to form a 1 : 1 pseudocyclic complex with trans-(1). As 
expected, the equimolar mixture of trans-(1) and (2; n = 6) 
forms a polymeric complex with N,, = 20. However, the 
distance between the two ammonium cations in (2; n = 12) is 
close to that between the two crowns systems in trans-(1). Thus, 
the equimolar mixture of trans-(1) and (2; n = 12) forms a 1 : 1 
complex with N,, = 2.4. Most probably, this is a pseudocyclic 
complex as illustrated in Scheme 1. 

+ 

f 

bridge the two crown rings in trans-(1). This is a novel example 
of the reversible interconversion between polymer and low 
molecular weight pseudomacrocycle. 

The N,, for ( 1 )  + (2; n = 12) increased from 2.4 to 4 upon 
U.V. irradiation. This suggests that cis-(1) and (2; n = 12) may 
form a 2:2 complex. We previously synthesized cyclic 
compounds from 1,10-diaza-4,7,13,16-tetraoxa-l8-crown-6 and 
tran~-3,3’-(0r 4,4’)-bis(chlorocarbonyl)azobenzene according to 
the high dilution m e t h ~ d . ’ ~ * ~ ~ * ~ ~  The distance between the two 
carbonyl groups in trans-3,3’-bis(chlorocarbonyl)azobenzene is 
close to that between the two nitrogens in 1,10-diaza-4,7,13,16- 
tetraoxa- 1 8 - c r o ~ n - 6 . ~ ~ 3 ~ ’  As a result, the reaction afforded a 
1: 1 macrocycle. On the other hand, the distance between the 
two carbonyl groups in trans-4,4’-bis(chlorocarbonyl)- 
azobenzene is too long for the two carbonyl groups to interact 
with the two nitrogens. In fact, we isolated a 2: 2 macrocycle as a 
major p r o d u ~ t . ~ ’ , ~ ~  The result suggests that when two 
bifunctional reactants cannot form a 1 : 1 macrocycle because of 
steric incompatibility, they tend to form a 2: 2 macrocycle which 
is free from steric constraints.* This is probably the case for cis- 
(1) + (2; n = 12); i.e. the (CH,),, chain is too long for the two 
terminal ammonium cations to interact with the two crown 
rings in cis-(1). Thus, they form a 2:2 pseudocyclic complex 
(Scheme 3). 

Viscosity Measurements and N.M. R.  Studies.-When the 
reversible interconversion between polymer and pseudo- 
macrocycle takes place in solution, it is reflected by the change 
in viscosity. Viscosity measurements for (1) + (2; n = 6) 
(7.68 x 1 0 - 3 ~  each) were carried out at 34 “C in o-dichloro- 

@-kN-@ 
I 1 

r 1 

Scheme 1. 

N=N 

i, 

I m  
Scheme 2. 

Interestingly, we found that the N,, changes in response to 
photoirradiation. The N,, for ( 1 )  + (2; n = 6) decreased from 
20 to 3 upon U.V. irradiation. This implies that the polymeric 
complex is depolymerised by the photoinduced trans-to-cis 
configurational change in ( 1 ) .  Since N,, = 3 was obtained for 
the mixture of trans-(1) (28-34%) and cis-(1) (66-72%), the 
N,, for ‘pure’ cis-(1) should be close to 2 indicating the 
formation of a 1 : l  pseudocyclic complex (Scheme 2). As the 
distance between the two crown rings in cis-(1) is much shorter 
than that in t r ( c n ~ - ( l ) , ~ ~ 3 ~ ~  the short (2; n = 6) chain can now 

benzene-butan-1-01 (1 : 1 v/v). We found that q,,/C, where C is 
the sum of the concentrations of (1) and (2; n = 6) = 0.427 g 
dl-’, decreases from 0.440 to 0.354 upon U.V. light irradiation. 
The cis% of ( 1 )  in the solution was 78% before and 70% after the 
measurement. This indicates that the solution containing trans- 
(1) + (2; n = 6) is more viscous than that containing cis- 

* A similar association mode has been found for the complexation 
between cationic bis(paracyc1ophane)s and dianionic guest molecules: 
C.-F. Lai, K. Odashima, and K. Koga, Tetrahedron Lett., 198526,5179. 
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Scheme 3. 

(1) + (2; n = 6). The viscosity increased again to qsp/C = 0.440 
upon visible light irradiation and the photoresponsive process 
could be repeated reversibly. Thus, the 'viscous' polymer 
solution can be converted into the 'fluid' pseudomacrocycle 
solution by photoirradiation. 

When trans-(l) forms a 1 : 1 pseudomacrocyclic complex with 
(2; n = 12), the polymethylene chain of (2; n = 12) should lie on 
the benzene rings of trans-(1). One may thus expect that the 
n.m.r. chemical shift for these polymethylene protons is strongly 
affected by the ring current. A similar upfield shift of 
diammonium guests has been found for the bis(crown ether) 

As shown in Figure 2, the chemical shift of the 
methylene protons moved markedly to higher magnetic field in 
the presence of equimolar trans-( 1). The largest upfield shift 
(0.58 p.p.m.) was observed for the central 5-  and 6-H2. On the 
other hand, the chemical shift of the methylene protons of (4; n = 
12) which does not interact with trans-(1) scarcely moved (less 
than 0.03 p.p.m.; Table 2). These n.m.r. data support the view 
that (2; n = 12) forms a bridge on the azobenzene plane of trans- 
(1). Interestingly, the specific upfield shift of (2; n = 12) 
disappeared on the addition of an excess of 18-crown-6 (Figure 
2, Table 2). This means that added 18-crown-6 binds the 
ammonium groups competitively, resulting in the dissociation 
of the trans-(l)-(2; n = 12) complex. 

An n.m.r. spectral change was also observed for trans-(1) + 
(2; n = 6) which formed a polymeric complex although the 
magnitude of the upfield shift was much smaller than that for 
trans-(l) + (2; n = 12) (Table 3). Probably, the hexamethylene 
protons in the polymeric trans-(1)-(2; n = 6) complex are 
affected by the ring current of the azobenzene moiety during the 
molecular motions of the polymer chain. 

Photoresponsive Conductance Changes.-Electrical conduct- 
ance is a function of mobility of charged particles in solution. 
Therefore, it should be a sensitive monitor of the photoinduced 
changes in the molecular size. First, we examined the 
photoirradiation effect on (l), (1) + (4; n = 6), and (1) + (4; 
n = 12) ([(l)] = [(4)] = 5.41 x l O 4 ~ )  in butan-1-01 and in 
o-dichlorobenzene-butan-1-01 (4: 1 v/v) at 30 O C .  We found 
that none of these systems exhibit a perceptible change in 
conductance. By contrast, the conductance for trans-(1) + (2; 
n = 6) (A = 4.09 ohm-' cm2 mol-'; [(l)] = [(2; 
n = 6)] = 5.41 x lOP4~)  in o-dichlorobenzene-butan-1-01 
(4: 1 v/v) increased on U.V. irradiation and finally reached 
the saturation point at A = 6.51 ohm-' cm2 mol-' (Figure 3). 
Visible light irradiation caused it to decrease gradually and 
finally reach the initial A value. This process could be repeated 
several times by alternate irradiation of U.V. and visible light. 
The photoirradiation effect on the cis% of (1) is shown in Figure 
3. The two curves were obtained using the same apparatus 
(Figure 1) and the same conditions and show excellent agree- 
ment supporting the idea that the change in conductance is 
related to the trans-cis photoisomerism of (1). Similar 
agreement between the cis% and the conductance was observed 
for other systems described below. 

Very interestingly, the conductance for (1) + (2; n = 12) 
decreased on U.V. irradiation and increased on visible light 

3-0 2-5 2.0 1.5 1-0 0-5 
6 

Figure 2. 'H N.m.r. spectra of (2; n = 12) (0.0261~) in CDC1,-CD,OD 
(3:4 v/v) at 20 "C: ( a )  no additive; (b)  (1) (0.0261~); ( c )  ( 1 )  (0.0261~) + 
18-crown-6 (0.303~). Peak A is the methyl group of toluene-p-sulp- 
honate 

Table 2. Chemical shift of the methylene protons in R3N+(CH2)12N- 
R3+ a 

Methylene protons 

None 
R = H I-H, 2.87 

2-H2 1.63 
3-H2 1.31 
4-H2 1.31 
5-, 6-H2 1.31 

R = Mel-H, 3.30 
2-H, 1.73 
3-, 4-, 5- ,  6-H2 1.35 

trans-( 1 )  
2.77 
1.25 
1 .oo 
0.79 
0.73 
3.27 
1.71 
1.33 

trans-( 1 )  
+ 18- 

Crown-6* aNone - 6,1, 
2.80 0.10 
1.62 0.38 
1.36 0.3 1 
1.36 0.52 
1.36 0.58 

0.03 
0.02 
0.02 

a (R3N+kH2&H26H26H2&H2eH2)2;  [ammonium salt] = [(l)] = 
0 . 0 2 6 1 ~  in CDC1,-CD30D (3:4 v/v); 20 "C. [18-Crown-6] = 0.303~.  

Table 3. Chemical shift of the methylene protons in R3N+(CH2),NR3+" 

Methylene protons 6 (P-P-m.) 
None trans-(1) &one - 6(1, 

R = H  1-H2 2.90 2.78 0.12 
2-H2 1.67 1.46 0.2 1 
3-H, 1.38 1.17 0.2 1 

R = Me 1-H, 3.41 3.39 0.02 
2-H2 1.84 1.82 0.02 
3-H2 1.51 1.49 0.02 

a (R3N+kH,&H26H,),; [ammonium salt] = [(l)] = 0 .0261~  in 
CDCl3- CD3OD (6: 1 v/v); 20 "C. 

irradiation (Figure 4). This photoresponsive wave shows a large 
contrast to that for (1) + (2; n = 6) .  A similar trend was 
observed for the change in conductance in butan-1-01 where the 
average aggregation numbers were determined (Figure 5). 
Compound (3) has a rigid segment between the two ammonium 
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12.0b 
VIS. 11.5 

loot 

t/min 

Figure 3. Changes in photoresponsive conductance and cis% for (1) 
(5.41 x 1 0 - 4 ~ )  + (2; I I  = 6 )  (5.41 x 10-4~)  in o-dichlorobenzene- 
butan-1-01 (4: 1 v iv )  

vi s. 

0 5 0  ioo  150 ZOO 
t /min 

1 250 

Figure 4. Changes in photoresponsive conductance for (1) 
(5.41 x 10 'M) + (2; n = 12) (5.41 x 10-4~)  in o-dichlorobenzene- 
butan-1-01 (4: 1 v /v )  

cations and the distance is comparable with the extended 
(CH,),, chain. The photoresponsive wave for (1) + (3) is 
similar to that for (1) + (2; n = 12) (Figure 5). These findings 
suggest that the photoresponsive wave becomes inverted with 
increasing chain length. We thus examined the conductance 
change in more detail as a function of the chain length (Figure 6 
and Table 4). I t  is seen from Figure 6 that when U.V. light is used, 
the conductance for (2; n 6 8) increases but the conductance for 
(2; n 3 10) decreases. Thus, the critical chain length should be 
ca. n = 9. 

From the foregoing results, origin of the photoresponsive 
conductance changes may be envisaged. When trans-(1) is 
mixed with (2; n < 9) a polymeric complex is preferentially 
formed. When subjected to U.V. irradiation it depolymerises to a 
low molecular weight, pseudocyclic complex. The decrease in 
the molecular size is reflected by the increase in the conductance. 
In contrast, when trans-(1) is mixed with (2; n > 9), a 1: 1 
pseudocyclic complex is formed preferentially. U.V. irradiation 
of this converts i t  into a 2: 2 pseudocyclic complex. The increase 
in the molecular size is reflected by the decrease in the con- 
ductance. The largest conductance increase was observed for (2; 

I vis. 

13.0 
U.V. u .v. 

vis. vi s. 
I I I I 

0 50 100 150 ZOO 2 
t l m i n  

1435 

I 

Figure 5. Change in photoresponsive conductance in butan- 1-01: (a) 
(1) + (2; n = 6); (6) (1) + (2; n = 12); ( c )  (1) + (3). Concentrations = 
5.40 x 1 0 - 4 ~  for all species 

- 3  
4 6 8 10 12 

n 

Figure 6. Plot of - /Ivis. us. n 

n = 4) and the largest conductance decrease for (2; n = 12). It 
would be of further interest to use (2; n = 2) or (2; n = 14); 
however, (2; n = 2) was only sparingly soluble in the solvents 
used here and (2; n = 14) was not available. 

As demonstrated by n.m.r. spectroscopy, the upfield shift of 
the trans-(l)-(2; n = 12) complex disappeared completely on 
addition of an excess of 18-crown-6. This is due to the 
competitive binding of 18-crown-6 to the terminal ammonium 
groups. Is this phenomenon also reflected by the conductance 
change? As shown in Figure 7, the photoresponsive conduct- 
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Table 4. Influence of photoirradiation on electrical conductance 
(ohm -' cm2 mol-I)'' 

(2; n = 4) 
(2; n = 6) 
(2; n = 8) 
(2; n = 10) 
(2; I 1  = 12) 
(2; n = 6) 
(2; n = 12) 
(3) 
(4; M = 6) 
(4; n = 12) 

b 
b 
b 
h 
b 
C 

c 
c 
h 
b 

72 
69 
55  
61 
49 
67 
48 
57 
58 
56 

6.3 1 
6.5 1 
6.86 
6.90 
8.09 

12.06 
12.84 
11.05 
3.93 
3.68 

Ammonium 
salt Solvent cis%d Au,v,' Avis.' Au.v  - A v i s .  

3.57 2.74 
4.09 2.42 
5.04 1.82 
7.60 -0.70 
0.04 - 1.95 
1.82 0.24 
4.74 - 1.90 
2.13 -1.08 
3.9 1 0.02 
3.66 0.02 

a [(l)] = [ammonium salt] = 5.41 x 1 0 - 4 ~ ,  30 "C. o-Dichloro- 
benzene-butan-1-01 (4: 1 v/v). Butan-1-01. The cis?; at the photo- 
stationary state under U.V. irradiation. 'The quantity A is defined on 
the basis of the concentration of ionic species [i.e ., (2), (3), or (4)]. 

\. 
> vis; 

. .  . .  . .  .. . ". ....; 
.... ; . .  

< 
... . . 

I I I 1 I 
0 50 100 150 200 23c1 

t l m i n  

Figure 7. Influence of added 18-crown-6 on the change in photo- 
responsive conductance in o-dichlorobenzene-butan- 1-01 (4 : I vjv): (a)  
(1)  (5.40 x 1 0 - 4 ~ )  + (2; n = 6) (5.40 x 1 0 - 4 ~ )  + 18-crown-6 
(1.07 x 1W2M); (b)  (1) (5.40 x m4M) + (2; n = 12) (5.40 x w4M) + 
18-crown-6 (6.23 x 1 0 - 3 ~ ) .  The dotted lines indicate the photorespons- 
ive waves in the absence of 18-crown-6 

ance change almost disappears on the addition of an excess of 
18-crown-6 {[18-crown-6]/[(2)] = 11-20). The result is quite 
complementary to the n.m.r. data and therefore supports the 
view that 18-crown-6 is capable of dissociating the polymeric 
complex and the pseudocyclic complex into discrete species. In 
other words, these complexes are stabilised solely by the 
hydrogen-bonding interaction between the ammonium groups 
and the benzocrown ethers in (1). 

Conclusions 
The present study demonstrates that the reversible intercon- 
version of polymer and low molecular weight pseudomacro- 
cycles is effected by photoirradiation. The novel phenomenon is 

ascribed, on the basis of several lines of evidence, to 
photoinduced association-dissociation between diammonium 
cations and a photorespnsive crown ether. The concept may 
therefore be a useful way of controlling various solution 
properties by an on-off light switch. Also important is the fact 
that the phenomenon can be sensitively monitored by electrical 
conductance. This implies that the change occurring in solution 
is transformed to electrical energy. Thus, the system may be 
applicable more generally to interdisciplinary fields between 
photochemistry and electrochemistry including sensors, 
membrane transport, etc. 
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