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Despite the fact that 2 ,4 ,5- t r ia ry l imidazoies  have long been known [1] and have always been 
a t t ract ive  to inves t igators  as subjects  for the study of chemiluminescence,  it was only in 
1960 that it was found that stable free radicals  are  formed during their  oxidation and that 
the radicals  form dimers  in the crysta l l ine  state that have piezo- ,  photo-,  and the rmochro-  
mic proper t ies .  The aim of the present  review is a corre la t ion  of the known information 
on the chemis t ry  of stable radicals  of the t r iaryl imidazolyl  ser ies .  

The possibi l i ty  of the existence of a t r iaryl imidazolyl  radical  was f i r s t 'p red ic ted  by Kautsky and 
Kaizer  [2] who supposed that the chemiluminescence of lophine (2,4,5-triphenylimidazole),  which is  oh- 
served during its oxidation in s t rongly alkaline media, is due to the interact ion of the free radical  ( tr i-  
phenylimidazolyl) formed under these conditions with the base. 

In an investigation of the mechanism of the chemiluminescence of lophine, Hayashi and Maeda [31 
isolated a new phototropic substance, which was crys ta l l ized  f rom ethanol as lemon-yel low needles and 
gave color less  or slightly yellow solutions in organic solvents. When these solutions were i r radia ted  with 
sunlight or a m e r c u r y  lamp or  were heated, they acquired a red-violet  color  that gradually vanished when 
the i r radia t ion  or  heating was discontinued. Hayashi and Maeda [4] demonstrated that the red-viole t  color  
of the solution is due to the presence  of f ree  radicals  (I); this is confirmed by the ESR spectra ,  which con- 
tain a singlet with a width of 7.3 G and a g factor  of 2.003. 
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Subsequent investigations demonstra ted that the product of the oxidation of t r iphenyIimidazole that was i so-  
luted by Hayashi and Maeda [3] is the dimer  of the t r iphenylimidazolyl  radical  [5-7]. 

Methods for the Synthesis of Triphenylimidazolyl 

Radicals and Their Dimers 

The simplest method for the synthesis of triarylimidazolyl dimers is the method used by Hayashi 
and Maeda and consists in the fact that the triphenylimidazole, dissolved in aqueous alcoholic alkali, was 
oxidized by the addition of an aqueous solution of potassium ferricyanide while stirring the solution with 
a stream of oxygen. The oxidation of the imidazole proceeds practically identically when either oxygen or 
nitrogen is bubbled into the reaction medium or even simply in the air [9]. 

After separation and washing with water, the product that precipitates from the solution during oxi- 
dation is a bright-violet finely crystalline substance that has weak paramagnetic susceptibility; the prod- 
uct loses its color on storage. A bright-violet coloration deyelops when it is triturated with or dissolved 
in most organic solvents, and a strong ESR signal is observed. This form of the dimer is called the pi- 
ezochromic form. It can also be obtained by oxidation of triarylimidazoles with bromine in aqtieous aleo- 
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TABLE 1. UV and Visible Absorption Spectra of Dimers  Obtained f rom Lophine and Its Derivat ives  [10] 

R 

Phenyl 

p-Tolyl  
p-Chlorophenyl 
3,4-Methylenedioxyphenyl 
3,4-Dimethoxyphenyl 
o-Tolyl  
o-Methoxyphenyl 

-Naphthyl 
p-Methoxyphenyl 
p-Bromophenyl  
m-Chlorophenyl  
o-Chlorophenyl 
3,4-Diethoxyphenyl 
4-Diphenylyl 

* Abbreviations: 

~tmax * , nm 

,dimer 
(before i rradiat ion) 

271 (T), 266 (E) 

269 
266 
317 
293 
267 
291 
277 
295 
279 
283 

261 (E) 

radical obtained by irradiation of 
the diluer 

(E) 
(T) 
(T), 312 (E) 
(T), 302 (E) 

349 (T), 347 (E) 555 (T), 560 (E) 
364 (B), 359 (T) 
360 (T), 364 (B) 575 (B), 575 (T) 

570 (T), 570 (B) 
390 (B) 690 (B) 
395 (B) 700 (B) 

(E) 351 (T), 354 (B) 565 (T), 565 (B) 
(E) 620 (B) 
(E) 445, 473 (B) 750 (B) 
(E) ,302 (T) 385 (E) ,390 (B) 620(E) ,  605 (B) 
(E), 283 (T) 
(T) 

367 (E), 375 (B) 580 (E), 573 (B) 
349 (B) 565 (B) 
345 (B) 558 (B) 
395 (B) 710 (B) 
402 (E) 610 (E) 

T is te t rahydrofuran,  E is ethanol, and B is  benzene. 

Radical-solution 
color  

Red-violet  

Violet  
Violet  
Yel low-green 
Blue-green  
Violet  
Blue 
Green 
Blue 
Red-violet  
Red-violet  
Red-violet  
Green 
Blue-green  

hol solution [8]. The piezochromic form of the d imers  is unstable and decomposes instantaneously in so- 
lutions to give radicals ,  which d imer ize  to form another  more  stable form called the the rmochromic  or  
photochromic form of the d imers ,  which was also isola ted by Hayashi and Maeda. 

Diverse  d imers  of t r i a ry l imidazo les  that have substi tuted phenyl rings [10, 11] and res idues  of poly-  
cyclic hydrocarbons  (diphenylyl [12] and c~- and fi-naphthyls [1317 as substi tuents can be obtained by oxi- 
dation of the t r i a ry l imidazo les  with potassium ferr icyanide.  

The react ion of the potass ium or  sodium salt  of a t r i a ry l imidazole  with iodine or  bromine in e ther  
solution [5, 7, 14] can also be used for  the synthesis  of the dimers .  This method was used to obtain a num- 
ber  of d imers  having different  substituents in the phenyl rings,  including bis(2-phenyl-4,5,9,10-phenaathro-  
imidazolyl) (II). The p resence  of a p -n i t ro  group in the phenyl r ing makes  i t  impossible  to obtain the c o r -  
responding d imer  by this method, since the nitro compound forms  a red-v io le t  salt  (HI) with alkali meta ls  
that does not reac t  with halogen in the expected manner  [14]. 

The p resence  of a p-dimethylamino group also leads to complicat ions in the prepara t ion  of the co r -  
responding d imers  because of the react ion of the resul t ing radical  with halogen to form salt  IV. 

2 

I I  I l l  IV 

111 R=I::6H 5'C6t14NO2-p; Ctl3=K, Na; IV R=C6H~, C6H4N(CH~)2- p 

In the oxidation of tr iaryl imidazoles in ben7ene solutions with lead dioxide, the yield of radicals 
ustu%lly does not exceed 5-10%, except for  2 ,4 ,5- t r is(p-dimethylaminophenyl) imidazole ,  which is conver ted 
to a d imer  in quantitative yield under  these conditions. 

Replacement  of one of the phenyl r ings with a furan [15] or  thiophene [16] res idue leads to a sharp 
change in the capaci ty for  the formation of f r ee  radicals .  When they a re  oxidized by both lead dioxide and 
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T A B L E  2. O b s e r v e d  and Calcu la ted  Spin Dens i t i e s  of the 
T r i phe ny I i m i da z o l y l  Rad ica l  [17] 

Spin 
density 

Observed 
MO method 
P obs/P cal 
P corr 

Position 

tl 0 ~ [ U [ 

0,156 0,156 
0,053 [ 0,062 

2.5 
0,186 

- 0,078 
0,130 390,002 0,036 
3,6 --0,060 0,108 

0,018 

- 0,540 

I 0, I14 0,012 1,050 O, 170 0,972 

--0,510 --0,342 -0,360 0,936 

potassium ferricyanide, the resulting radicals polymerize to form paramagnetie polymers that are capa- 
ble of retaining their paramagnetic susceptibility in the crystalline state for a year [15, 16]. 

Spectra of Triarylimidazolyl Radicals and Their Dimers 

in the UV and Visible Regions 

The UV spectra of solutions of the dimers usually have one maximum at 267-317 nm, depending on 
the solvent and the substituents in the phenyl rings (Table i). The absorption band of the dimer weakens 
when solutions of the dimers are irradiated with sunlight or UV light, and two absorption bands of the rad- 
ical develop at 347-473 and 550-750 nm. The introduction of any substituent except the nitro group into 
the phenyl ring causes a shift in the absorption maximum to the long-wave region. The presence of anitro 
group shifts the absorption maximum to the short-wave region or leaves it unchanged as compared with 
the unsubstituted derivative [12]. 

ESR Spectrum of the Triphenylimidazolyl Radical 

Ueda [17] obtained a spectrum with a resolved hyperfine structure for the triphenylimidazolyl rad- 
ical. Judging from the spectrum, there is no spin density on the nitrogen atoms. The spin density was 
calculated using the exchange integral h = i, and the computed spin density on the nitrogen atoms in this 
case is close to zero. The calculated electron densities are presented in Table 2 [17]. In calculating the 
spin density it was assumed that the o, p, o', 2, and 3 positions have positive electron densities and that 
the m, i, i', and 4 positions have negative electron densities. The m', p', and N positions were not con- 
sidered, since there is no experimental splitting for them. 

m o 

Structure of the Dimers 

Two types of dirners - piezochromic and thermochromic - that differ from one another in both prop- 
erties and structure [9] can be obtained in the oxidation of triphenylimidazole. 

On the basis of the absence of an active hydrogen (negative Zerewitinoff test) and the double molec- 
ular weight as compared with imidazole, hydrazine-like structure V was proposed for the thermochromie 
dimer [5-7, 18]. 

C6/[ 5 C6t l  5 
V V] 

Somewhat later, on comparing the IR spectra of thermochromic dimers [19] (Table 3) with the IR 
spectra of arylimidazoles and arylisoimidazoles [20], Hayashi and Maeda proposed the hexaphenyl-2,2- 
di-2H-imidazolyl structure (VI) [19] for the thermochromic dimer. White and Sonnenberg, also on the ba- 
sis of the IR spectra of the dimers [9], imidazoles, and isoimidazoles, proposed a structure for the pi- 
ezochromic dimer that coincides with structure VI proposed by Hayashi and Maeda for the thermochromic 
dimer and structure VII for the thermochromic dimer [9]. The grounds for this assumption were the 
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T A B L E  3. A b s o r p t i o n  Bands  in  the  IR S p e c t r a  of the  D i m e r s  

Dimers Absorption bands in,the IR spectra, cm -1 

1485 s 2,4,5-Triphenyl. 
imidazol, 

2,4,5-Tri-{ 
toIvl)imi( olyl 

2,4,5-Tri-( 
chlorophe )- 
imida~ob 

2-(p-Chlo{ enyl)- 
4,5-diphen I- 
imidazolyl' 

2,4,5-Triphe Lyl- 
imidazolyl' 

2,4,5-Triphe :yl- 
imidazoly1$, 

1617 sh 

1622 sh 

16t6 sh 

1618 sh 

1616vs 

t626 w 

* D a t a  f r o m  [19]. 

1603s 1577 m 

1604 s 1574 sh 

1600s 1572 w 

1605m, 

1565m11554 s 1526 sh 1501m 

1568m 1551sh 1520 w 1501 s 

1519 w. 1495sh 
1560 shl1553m 1501m 

, t520 vvw ~ 1499m 

I ] 

t Da t a  f r o m  [9] fo r  the  t h e r m o c h r o m i c  d i m e r .  
$ Da t a  f r o m  [9] fo r  the  p i e z o c h r o m i c  d i m e r .  

1484 s 

1484 s 

1487m 
1480m 
1489 g 

T A B L E  4. T h e r m o d y n a m i c  Da ta  f o r  the  D i s s o c i a t i o n  of 
B i s ( t r i p h e n y l i m i d a z o l y l s )  i n to  R a d i c a l s  a t  25~ in  T o l u e n e  [12, 14] 

R / ~ N '  ~ 2 

AH AG AS, 
R R' -I~ K kc a'I/ kca'i/ cal/deg 

mole mole mole 

Phenyl 
9,10 -Phenanthro 
Phenyl 
Phenyl 
p-Methoxyphenyl 
p-TOIyl 
p-Methoxyphenyl 
p -Diphenyl 
p -Clflorophenyl 
p -Dimethytaminophenyl 

H 
H 
CH3 
CH30 
H 
CH3 
CHaO 
C6Hs 
CI 
p-(CHa)2NC6H4 

5,76 
3,37 
5,44 
4,59 
4,08 

4 ,13  
2,62 
5,00 
5,54 
3,11 

17 
11 
15 
14 
14 
14 
10 
13 
16 
5 

7,9 
4,6 
7,5 
6,3 
5,6 
5,7 
3,6 
6,9 
7,6 
4,3 

30 
21 
25 
26 
28 
28 
21 
20 
28 
2 

p r e s e n c e  in  the  IR s p e c t r u m  of  the  p i e z o c h r o m i c  d i m e r  of an a b s o r p t i o n  band a t  1562 c m  - I  c l o s e  to the  
band  a t  1563 c m  - I  fo r  2 , 4 , 4 , 5 - t e t r a p h e n y l - 4 H - i s o i m i d a z o l e  and  the  p r e s e n c e  in  the  IR s p e c t r u m  of the  
t h e r m o c h r o m i c  d i m e r  of a band a t  1554 c m  - t ,  wh ich  i s  c h a r a c t e r i s t i c  fo r  2 H - i s o i m i d a z o l e s ,  and  of bands  
c h a r a c t e r i s t i c  fo r  i m i d a z o l e .  

C6H5N,~N x / ~  H5 

6 5 B 5 1 \C6H ~ 
C6H 5 

VII 

C h e m i c a l  P r o p e r t i e s  o f  T r i a r y l i m i d a z o l y l  R a d i c a l s  

T r i a r y l i m i d a z o l y l  r a d i c a l s  a r e  c o m p a r a t i v e l y  s t a b l e  wi th  r e s p e c t  to  a i r  oxygen and  a r e  c a p a b l e  of  
p r o l o n g e d  e x i s t e n c e  in  so lu t ion  in  a p r o t i c  s o l v e n t s .  Thus  when  a so lu t i on  of  the  p h o t o c h r o m i c  d i m e r  in 
c a r b o n  t e t r a c h l o r i d e  i s  i r r a d i a t e d  wi th  a m e r c u r y  l a m p  in the  p r e s e n c e  of oxygen ,  ~ 20 h w a s  r e q u i r e d  fo r  
c o n v e r s i o n  of  the  r a d i c a l  to  the  p e r o x i d e  [8]. The  r a d i c a l s  r e a c t  c o n s i d e r a b l y  m o r e  r a p i d l y  wi th  c o m p o u n d s  
tha t  have  an u n p a i r e d  e l e c t r o n .  T h e y  i n s t a n t l y  add  n i t r i c  ox ide  to  g ive  a n i t r o s o  d e r i v a t i v e  [8], and  t hey  
f o r m  h y d r o p e r o x i d e  V]2I [21] wi th  h y d r o g e n  p e r o x i d e .  

/ N  ~----~C6H5 
C6H, -~  ,IJjooH 

N \C6H ~ 

Vlll 

The  r a d i c a l s  have  s t r o n g  d e h y d r o g e n a t i n g  p r o p e r t i e s  and  a r e  c a p a b l e  of i n s t a n t l y  s t r i p p i n g  off h y -  
d r o g e n  f r o m  e a r b a z o l e ,  d i p h e n y l a m i n e ,  hydroqu inone ,  and a , a - d i p h e n y l - f l - p i e r y l h y d r a z i n e  [22], and  t hey  
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TABLE 5. Thermodynamic  Data for the Rate Constants for the 
Dissociat ion of Bis( t r iaryl imi6uzolyls)  into Radicals in Toluene 
Solution 

I C 6 H s ~ N - -  1 

o [  R R' k c a l /  i A, ] Corre la t ion pa rame te r s  
m o l e  ] min-~  t (a t  7 0 ~  

CsHs 

p-C1C6H~ 
p-BrC6H~ 
p-CH~CsH~ 
p-C2HsOCsH4 

p-CnH~C~H4 

C6Hs 
p-CHaC~H4 
p-CH~OCsH4 
p-C~HsOC~H4 
p-CIC~H~ 

~z-C,oHz 

C6H~ 
p-CH~C6Hr 
p-CHsOC6H~ 
p-C2H~OC6H~ 
p-BrC6H4 
p-CIC~H~ 

~-CloH7 

C6VIs 
p-CHaC~H4 
m-CH~C6H4 
p-BrC6H4 
m-BrC~H~ 

c6H~ 

C6H5 
p-CH3C6H4 
p-BrC6H4 
p-CIC6H4 

p-C6HsCsH4 

CGHs 
p-CH~C6H~ 
m-CH3C~H4 
p-BrC~H4 

o',-CIoHz 

C6Hs. 
p-CH3C6H4 
rn-CHaC6H4 
p-BrC6H4 
m-CIC~H4 

22,4 
21,51 
21,9[ 
~,0 I 
.)3,3 [ 

21,6 I 
21,7 ] 
21,8 I 
21,7 [ 

21,3 / 
21.0 I 
22,0 / 
22,1 ] 

20,8 
20,0 
19,2 I 
19,0 
21,5 

23,0] 
2o,51 
22,8 
22,5 
15,81 
15,4 I 
13,9 1 
14,5 
14,81 
14,8 

17,0 
16,6: 
16,5 I 
18,0 [ 
18,6 

3,9' 1012 I 
1,3' 1012 I 
2,2.10 '7 I 
7,3' 10 I'~ 
9,9' 10 ''~ 

1,0- I0 I~ 
1,2.10 ~' 
1,4- 101~ 
1,I '  10 u 

7,6" i0 u 
8,6.101 
7,2.10 I 
6,0- 101 

6,8" 10' 
2,0. I0 t: 
7,5- 101~ ] 
5,3. I0 '~ 
1,5. 10 2 

lg k = - 1,6457-- 0,4926z -- 0,339ac 
r = 0,999 
s=0,01 

Ig k = - 1,7766 • 0,025 

lg k = -- 1,5863--0,238c~z--0,729~c 
r = 0,999 
s=0,Ol 

lg k = - 1,5587- 0,236c~z--0,349c~e 
r = 0,995 
s = 0,02 

3,0.1017 [ 
2,7.1011 lg k=-l,7570-O,2416;-O,936r~c 
6,0,10 7 f=0,999 

s=0,01 4,4" 10 L I 

2,7. l0 s I 
1 , 6 .  i 0  s �9 - _  
2,4 �9 107 [ jg e -  - 1,6981 --0,0316z--0,3496c 
5,7. 107 t r=0,995 
7,2.107 I s=0,02 
7,4.107 / 

4,8- 107 
2,8' 107 / lg k = -- 1,4329--0,365~--0,638~c 
1,3.10 7 / r=0,999 
1,3. 108 ] s=0,91 
4,8 �9 10 s / 

are  reduced to t r ia ry l imidazoles  in the process .  The dehydrogenation of ethanol proceeds  considerably 
more  slowly [8] in the course  of several  days during constant i r radiat ion with a m e r c u r y  lamp. 

The p iezochromic  and the rmochromic  d imers  are  quantitatively reduced to imidazoles  on react ion 
with lithium aluminum hydride [9], and they form imidazoles  in 50% yield on react ion with hydrochloric  or 
acetic acid; the other products  are  apparently unstable" aeetoxy and halo derivatives [9]- 

D i m e r  ~- R a d i c a l  E q u i l i b r i u m  C o n s t a n t s  

The d imers  of t r ia ry l imidazoly l  radicals  exist  in solution in equilibrium with the radicals .  The 
equilibrium constants for a number of d imers  were studied by Zimmermann and Baumg~rtel  [5, 7, 14]. 
The dissociat ion constants were investigated by spect rophotometry  using the absorption maximum of the 
radical  in solution. The equilibrium constants and enthalpies and entropies of dissociat ion are  presented 
in Table 4. As seen f rom Table 4, the p resence  of substituents in the phenyl r ings of bis(tr iarylimidazolyl)  
facil i tates dissociat ion of the dimers ,  and substituents having strong e lec t ron-donor  proper t ies ,  such as 
the methoxy and dimethylamino groups, play the grea tes t  role. Replacement  of the phenyl rings in the 4,5 
posit ions of the imidazole ring by a 9,10-phenanthrenyl group also lowers the enthalpy of dissociation, 
probably due to the possibi l i ty  of g rea te r  deloealization of the unpaired electron. The asser t ion  of Baum- 
g~rtel and Z immermann  regarding  the absence of a corre la t ion  between the capaci ty of the d imers  for d is -  
sociation and the Hammett  o- constants is present ly  p remature  in view of the small number of substituents 
that have been studied. 
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NO 2 

C,",~N__ ?6H~ N ~ fast 
I�9 - -  

C6HsJ-.~N/ C o H /  H 
NO 2 

X 

D i s s o c i a t i o n  R a t e  C o n s t a n t s  

The ra te  constants  for  the d issocia t ion of the d imer s  into rad ica l s  have been studied in g r e a t e r  de-  
tai l  than the equi l ibr ium constants .  The react ion  of the d imer  with c~,c~-diphenyl-fi-picrylhydrazine (X), 
the ra te  of which is  d e s c r i b e d  by a f i r s t - o r d e r  equation and is  independent of the concentra t ion of X, was 
used to invest igate  them [22]. 

NO 2 

NO 2 

The dissocia t ion ra te  constants ,  the act ivat ion energ ies ,  and the preexponent ia l  f ac to r s  of the A r -  
rhenius equation were  de te rmined  for seven s e r i e s  of d i rec ts .  Fo r  all  of the inves t iga ted  s e r i e s  it  was 
found that  the logar i thms  of the ra te  constants  a re  desc r ibed  by the H a m m e t t  equation. The r e su l t s  a re  
p resen ted  in Table  5. In con t ra s t  to the original  s tudies [12, 13, 23-25] in the p r e s e n t  rev iew the loga- 
r i thms  of the ra te  constants  were  co r r e l a t ed  a f t e r  separa t ion  of the inductive and m e s o m e r i c  components  
of the Hammet t  ~ constants  [26]. 

As seen  f rom Table  5, the effect  of subst i tuents  on the ra te  constant  for  d issocia t ion of the d imer  is  
desc r ibed  by the H a m m e t t  equation in all of the inves t iga ted  s e r i e s ,  but the re la t ive  contr ibutions of the 
inductive and m e s o m e r i c  components  of the subst i tuents  to the s tabi l izat ion of the t rans i t ion  s ta te  va ry  for  
different  s e r i e s .  Thus,  while the contr ibution of the inductive component  is  not much g r e a t e r  than that of 
the m e s o m e r i c  component  for  b i s (2-a ry l -4 ,5-d iphenyl imidazoly l s )  ( s e r i e s  1), the m e s o m e r i c  component 
p r eva i l s  for  imidazoly ls  that have polycycl ie  hydrocarbon  res idues  as substi tuents;  this i s  pa r t i cu l a r l y  
dist inctly displayed for  2- (a-naphthyl )  de r iva t ives  ( se r i e s  6). 

I t  should be noted that while the p r e s e n c e  of subst i tuents  in the phenyl r ing in the 4(5) posi t ion of the 
imidazole  r ing has p rac t i ca l ly  no effect  on the ra te  of dissociat ion of the d imer s  ( s e r i e s  2) for  t r iphenyl -  
imidazoly ls ,  when polycycl ic  hydrocarbon res idues  a re  p re sen t  in the 2 posi t ion of the imidazole  r ing  
( s e r i e s  4, 6, 7), these  subs t i tuents  begin to have an effect,  although it  i s  somewhat  l ess  than is  obse rved  
with subst i tuents  in the 2 posit ion. 

The act ivat ion energy  for  dissocia t ion for  mos t  of the inves t igated d i m e r s  l ies  at  21-23 kca l /mo le ,  
and it  becomes  low and commensu rab l e  with the act ivat ion energy  for  dissocia t ion of hexaphenylethane (17 
kca l /mole )  only for  compounds that have a fl-naphthyl group in the 4(5) posi t ion and an a -naphthy l  group in 
the 2 posit ion ( s e r i e s  6 and 7). 

The fact  that,  in con t ras t  to the fl-naphthyl group, the p r e sence  of an a -naphthy l  group in the 4(5) 
posit ion ( s e r i e s  5) does not have a substant ial  effect  on the act ivat ion ene rgy  as compa red  with the t r i -  
phenyl der iva t ives  ( se r i e s  1) i s  somewhat  s t range.  

P h o t o c h r o m i s m  o f  T r i a r y l i m i d a z o l y l  D i m e r s  

The photochromic  p r o p e r t i e s  of t r i a ry l imidazo ly l  d imers ,  i .e . ,  the i r  capaci ty  for  d issocia t ion under 
the influence of i r r ad ia t ion  to give co lored  rad ica ls ,  have been the subject  of numerous  invest igat ions .  

In a study of the pho tochromism of bis( t r iphenylimidazolyl)  in benzene and toluene at  low t e m p e r a -  
t u r e s  (up to - 1 9 6  ~ [27] it  was found that  these  photochromic  solutions behave quite s t range ly  - on sunlight 
i r r ad ia t ion  of a solid solution (at - 1 9 5  ~ the color  cha rac t e r i s t i c  for  the t r iphenyI imidazolyl  rad ica l  de-  
velops,  vanishes  as  the t e m p e r a t u r e  is  gradual ly  r a i s e d  t o - 7 0  ~ , and r e a p p e a r s  at t e m p e r a t u r e s  above 
- 3 0  ~ [28]. 

An invest igat ion of the photochemical  p r o c e s s e s  in solid solutions of bis( t r iphenylimidazolyl)  in a l -  
cohol, benzene, and hexane [29] conf i rmed  the data in [27]. I t  was noted that  i r r ad ia t ion  of these  solutions 
with light with X 253.7, 303-313, and 365 nm causes  dissocia t ion of the d imer  into rad ica l s .  When a s a m -  
pie containing rad ica l s  is i r r ad i a t ed  with light with X 470-600 nm, the percen tage  of r ad ica l s  d e c r e a s e s  
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T A B L E  6. T h e r m o d y n a m i c  D a t a  f o r  t he  R e c o m b i n a t i o n  o f  

T r i a r y l i m i d a z o l y l  R a d i c a l s  i n  B e n z e n e  S o l u t i o n  [8] 

Substituents in the t r i -  Temp,, k, liter. Ea, , As liter, 
arylimidazole radical *C mole-1, sec-I kcal/mole mole ' l ,  sec.-l- 

2,4,5-'Triphenyl 7,4 1,7.107 

2,4,5.-Tri(p-tolyl) 

2,4,5- Tri(p-chlorophenyl) 

2 -(p-Chlorophenyl)-4,5- 
aipheayl 

25,3 
35,5 
46,4 

27,0 
35,0 
44,0 
57,0 

29,0 
35,3 
46,0 

16,5 
28,0 
44,0 

66 
103 
146 

14 
22 
30 
61 

200 
253 
354 

62 
108 
183 

9,5 

6,9 

7,2 

1,1. l0 s 

1,9.10 r 

1,7.10 r 

rapidly, and the starting dimer is reformed. Thus, the character of the photochromic transformations of 
the triphenylimidazolyl radical depends on the aggregate state of its solution: in a solid solution at -196 ~ 
the transition of the colored form to the uncolored form is induced by light, while the transition in liquid 
solutions at room temperature is a dark process [29]. 

When the irradiated solutions of the dimers in alcohol are thawed, the radical coloration vanishes at 
-156 to-127 ~ and is regenerated at-20 ~ The rate of disappearance of the radical is described by a sec- 
ond-order equation (k=60 liter, mole -i. sec -i) and proves to be even somewhat higher than the rate of re- 
combination of the radicals in benzene solution at room temperature [29]. From all appearances, the rad- 
ical exists as an unstable dimer from-156 to- 20 ~ [29]. 

The rate of the dark recombination of the radicals in solution has been investigated spectrophoto- 
metrically by the ESR method, but the results obtained by different investigator~ are not in agreement. 
Thus, Willks and Willis [30] found that the rate of this reaction has an order of 3/2, while other investiga- 
tors have found that this reaction is second order [18, 29, 31] and that the reaction proceeds twice as fast 
in cyclohexane as in benzene [29]. 

The thermodynamic parameters of the dark recombination in benzene were determined for a number 

of triarylimidazolyl radicals (Table 6) [8]. 

In an investigation of the rate of recombination of the radicals (from the rate of decrease of the in- 
tensity of the ESR signal) in solid samples of piezochromic dimers [8, 32], it was found that this reaction 
is described by a third-order equation. The reaction rate constants proved to be 2.0 �9 10 -5 and 8.9 �9 10 -5 
cm -2. rain -i at 48.0 and 51.5 ~ respectively [32]. 

When solid solutions of the dimers are subjected to T irradiation (at-196~ the dimer decomposes 
to give the radical and anion [33]. 

[ C6Hs~N ~ C6H~N\ C6HS~N~ 

C~lt~ N J~ C(~H~ N 

Triarylimidazoles as Stabilizers for Plastics 

The capacity of triarylimidazoles to undergo oxidation to give stable free radicals can be used to 
suppress the thermal oxidative destruction of polymers. A number of imidazole derivatives, including the 
triaryl derivatives, have proved to be excellent stabilizers for olefins, polyamides, polystyrene, and rub- 
bers [34]. In tests as stabilizers for pelypropylene, thienyldiarylimidazoles have shown themselves to be 
polyfunctional stabilizers that break oxidation chains and decompose hydroperoxides [35]. 
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