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A review of he te rocycl ic  compounds having luminescence  p rope r t i e s  is given. Methods f o r  
the p r epa ra t i on  of some  of them,  the re la t ionsh ip  between s t ruc tu re  and luminescence ,  and 
the i r  a r e a s  of appl icat ion a r e  examined.  

Most of the organic  luminophores  cu r r en t ly  in use a r e  he te rocycl ic  compounds.  Having f luorescence  
p r o p e r t i e s  s i m i l a r  to the f luo rescence  p r o p e r t i e s  of a r o m a t i c  compounds,  they a r e  at the s a m e  t ime  m o r e  
acces s ib l e  in a synthetic r e s pec t .  

In the p resen t  review we deal only with the mos t  impor tan t  c l a s s e s  of he te rocyc l ic  compounds that,  
owing to the i r  luminescence  p rope r t i e s ,  have found wide appl icat ion in the national economy, sc ience,  and 
technology.  

O r g a n i c  L u m i n o p h o r e s  w i t h  F i v e - M e m b e r e d  H e t e r o r i n g s  

Luminescen t  a ry l - subs t i t u t ed  furans ,  p y r r o l e s ,  and thiophenes,  as well  as compounds in which these  
he t e rocyc l e s  a re  condensed with a roma t i c  r ings  have been invest igated [1-6]. Compounds with su l fu r - con -  
mining he te ro r ings  have less  intense luminescence  than the i r  oxygen and ni t rogen analogs [4]. However,  
the exclus ion f ro  m conjugation of the unshared  e lec t rons  of the sulfur  a toms  by convers ion  of the thio-  
phene .der iva t ives  to the cor responding  sulfones leads to a sha rp  inc rease  in the luminescence  intensi ty 
[5-7]. T h e s e  compounds have not found g r e a t  p rac t i ca l  application.  

Ary l - subs t i t u t ed  oxazoles  and 1 ,3 ,4-oxadiazoles  have a s sumed  g r e a t e r  s ignif icance.  In te res t  in 
them inc reased  cons iderab ly  a f te r  2 ,5 -d ia ry loxazo les  and 2 , 5 - d i a r y l - l , 3 , 4 - o x a d i a z o l e s ,  which emi t  light 
in the viole t  and blue regions  of the spec t rum,  had found appl icat ion as act ivat ing addit ives in liquid and 
plas t ic  sc in t i l l a to rs  [8, 9]. 

The mos t  wel l -known and f requent ly  used methods for  the synthes is  of 2 ,5 -d ia ry loxazo les  a r e  con-  
densation of c0-aminomethyl  a r y l  ketones with a r o m a t i c  acid ch lor ides  and s - h a l o - s u b s t i t u t e d  carbonyl  
compounds with acid amides .  The w-aey l aminome thy l  a ry l  ketones  fo rmed  in both ca se s  undergo cyc lo-  
dehydrat ion,  m o s t  often in the p r e s ence  of concent ra ted  sulfur ic  acid [10, 11]. 

A recen t ly  p roposed  method [12], which cons is t s  in in t r amolecu la r  condensat ion of N - ( l - o x o - l - a r y l -  
2 -a lky l )n i t rones ,  obtained by the reac t ion  of ~ - h a l o  ketones with an t i -benzaldoxime,  is in teres t ing.  

Aroma t i c  carboxyl ic  acid chlor ides  usual ly  s e rve  as the s tar t ing  m a t e r i a l s  fo r  the synthes is  of 2 ,5-  
d i a ry l - l , 3 , 4 -oxad i azo l e s .  The N ,N ' -d i a roy lhydraz ines  f o r m e d  f r o m  them on reac t ion  with hydraz ine  hy- 
dra te  a r e  cycl ized by heating with phosphorus  oxychlor ide  [13] o r  with o ther  reagen ts .  U n s y m m e t r i c a l  
2 , 5 - d i a r y l - l , 3 , 4 - o x a d i a z o l e s  can  a lso  be obtained f r o m  a r o m a t i c  carboxyl ic  acid  ch lor ides  by using mono-  
a roy l  de r iva t ives  of hydraz ine  in place of hydrazine  i tself  [14]. 

Data on thee absorp t ion  and luminescence  s p e c t r a  and scint i l la t ion p rope r t i e s  of 2 ,5 -d ia ry loxazo les  
�9 and 2 , 5 - d i a r y l - l , 3 , 4 - o x a d i a z o l e s  a r e  avai lable  in [15-24] and in a number  of o ther  pape r s .  
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The similari t ies  in the character  of the UV absorption spectra and the luminescence spectra of 
diaryl-substituted ethylenes, oxazoles, and 1,3,4-oxadiazoies measured in aliphatic hydrocarbons at room 
temperature  and 77~K led Nurmukhametov and co-workers [24, 25] to conclude that there are  identical 
forms of conjugation in these systems. Bearing in mind that the contribution of the ethylene group to 
eonjugation of molecules of s imilar  types is equivalent to the contribution of the phenylene radical [26], 
they feel that polyphenyls, diaryloxazoles, and diaryloxadiazoles have much in common with respect  to their  
spectral  properties,  despite the fact that they differ from one another with respect  to the position of the ab- 
sorption and luminescence maxima. 

The introduction of initially a f i rs t  and then a second nitrogen atom into the furan ring of 2,5-diphenyl- 
furan in place of methyl[dyne groups is accompanied by a gradual short-wave shift of the absorption and 
luminescence spectra [3, 17]. The hypothesis that this effect is associated with weakening of the conjugation 
in nitrogen-containing heterocycles is confirmed by the resu l t s  of measurements of the intensity of the line 
of the benzene ring in the Raman spectra,  which decreases from 2,5-diphenylfuran to the corresponding 
substituted oxazoles and oxadiazoles [17]. 

Lengthening of the conjugation chain in the aryl  groups of diaryloxazoles and diaryloxadiazoles leads 
to a substantial shift in the absorption and luminescence spectra to the long-wave region, and the fluores- 
cence quantum yield increases [22]. Thus replacement of the phenyl groups in 2,5-diphenyloxazole by di- 
phenylyl or  naphthyl groups shifts the absorption maxima of heptane solutions by 25-30 nm, whereas the 
luminescence maxima of solutions in heptane and polystyrene are shifted by 30-40 nm. Diaryloxazoles and 
diaryloxadiazoles having diphenyl groups have the most intense luminescence [21]. 

Electron-donor substituents in the para  positions of phenyl groups also induce a bathochromic effect; 
this effect is more pronounced, the stronger the electron-donor effect of the substituent. A dimethylamino 
group in the 2-phenyl group of 2,5-diphenyloxazole shifts the absorption and luminescence maxima in 
toluene by 42 and 37 nm, respectively [27]. The introduction of a dimethylamino group into diaryloxadia- 
zoles considerably increases their  luminescence intensities [28]. The fluoreseene quantum yield for 2,5- 
diaryloxazoles is higher than the yield for  their  oxadiazole analogs [22]. 

1,4-Di(5-phenyl-2-oxaz0iyl)benzene (1), which is obtained from terephthalic acid dichloride and w- 
aminoacetophenone [29], i s  widely used as a shift reagent for spectra in liquid and plastic scintillators. 

Effective scintillation activators are  found among fl-arylethylene derivatives of 2,5-diaryloxazoles 
(II, X = CH) [30]. 

X - - N  

These compounds, like the corresponding oxad~zole derivatives (X = N), can be obtained by using the 
Wittig reaction [31,321 or, in higher yields, by the anil synthesis [33]. 

When an arylethylene grouping is introduced, the absorption intensity increases significantly in most 
eases,  and the quantum yield increases sharply [31, 34]. 

In the preparation of plastic scintillators the formation of polymeric chains Nat include groupings 
responsible for scintillation seems of interest.  With this in mind, p-vinyl-substituted 2,5-diphenyloxazoles 
and 2,5-diphenyl-l ,3,4-exadiazoles were synthesized [35]. Plastic seintillators prepared from s t y r e n e -  
vinyl-substituted diphenyloxazole copolymers - are more effective than polystyrene solutions of diphenyl- 
oxazole [36]. 

Aryl-subst i tuted oxazoles and oxadtazoles of various structures have been proposed as optical 
bleaches [37, 38]. Their  application in lasers  and light t ransformers  that convert  the short-wave emission 
of pulse lamps to the emission of the necessary  spectral  composition in order  to increase the efficiency of 
solid and liquid lasers  [39, 40] is well  known. 

2,5-Diaryl- l ,3 ,4-thiadiazoles are  less effective as luminophores than the corresponding oxazole and 
oxadiazole derivatives. However, there are  indications that they have been used for optical bleaching of 
various materials  [41]. 
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The re la t ionsh ip  between the s t ruc tu re  and luminescence  of compounds containing a pyrazo le  r ing was 
inves t igated in [42]. It was  es tab l i shed  that  a benzoyl  group  in the 4 -pos i t ion  i nc rea se s  the luminescence  in- 
t ens i ty  cons ide rab ly  m o r e  than one in the 1 posit ion.  Carboxyl  and ~-cyanoe thy l  groups  intensify f l u o r e s -  
cence,  whe reas  ni t ro  and n i t roso  groups  quench it. Br ight  luminescence  was noted for  3-  (p-aminophenyl)-  
5 - aminopyrazo le .  

Substituents in the 5 posi t ion of the pyrazo le  ring of 1 -phenylpyrazo le  [43] c r ea t e  s t e r i c  hindrance,  
a s  a consequence of which the re  is a loss  of luminescence  p rope r t i e s :  1 - p h e n y l - 5 - a m i n o -  and 1 -pheny l -5 -  
hydroxypyrazo le s  do not f luo resce ,  while the cor responding  3-  and 4-subs t i tu ted  1 -pheny lpyrazo les  have 
s t rong f luorescence .  

Py razo l e  de r iva t ives  a r e  not of g r ea t  p rac t i ca l  in te res t  as luminophores ,  al though some of them a r e  
known to be opt ical  b leaches  [44]. 

Ary l - subs t i t u t ed  A2-pyrazol ines  a r e  of cons iderab le  in te res t  as  photo- and rad io luminophores .  The 
p r e s e n c e  of a r o m a t i c  groups  in the 1 and 3 posi t ions  of the pyrazol ine  ring is suff icient  fo r  the a p p e a r a n c e  
of luminescence  [45]. However ,  1 ,3 ,5 - t r i a ry l -A2-py razo l ine s  (HI), among which effect ive luminophores  
with blue and g r e e n  luminescence  a r e  found, have had wider  appl icat ion.  

} 
A r  �9 

The mos t  widely used method for  the i r  p r epa ra t i on  is the reac t ion  of e ,~-unsa tura ted  ketones with 
a roma t i c  hydraz ines  [46-48]. The in te rmed ia tes  of this r e a c t i o n - a r y l h y d r a z o n e s -  a r e  unstable and 
r ead i ly  r e a r r a n g e  to t r i a r y l p y r a z o l i n e s .  A one - s t ep  method that makes  it poss ib le  to synthes ize  t r i a r y l p y r -  
azolknes in good yields  by heating a mix tu re  of a r o m a t i e  a ldehydes  with methyl  ketones and phenylhydra-  
zine in alcoholic a lkal ine  media  [49] was  r ecen t ly  descr ibed .  

The long-wave port ion of the UV absorp t ion  spec t r a  of A2-pyrazol ines  is due main ly  to the hydrazone 
f r a g m e n t  of the mo lecu l e s  and is s i m i l a r  in c h a r a c t e r  to the spec t r a  of the cor responding  a ry lhydrazones  
[50]. Ring closing of the hydrazone grouping impa r t s  to the molecu les  the r ig idi ty  n e c e s s a r y  for  the a p -  
pea r ance  of the luminescence  p rope r t i e s  that  a ry lhyd razones  lack. 

The r e su l t s  of s pec t r a l  [51-53] and po la rographic  [54] invest igat ions and s tudies  of the dipole momen t s  
in the ground and exci ted s ta tes  [55, 56] provide evidence for  conjugation of the lr e lec t rons  of the a r o m a t i c  
groupings  in the i and 3 posi t ions of the pyrazol ine  ring with the p,~r s y s t e m  of the he teror ing .  

The long-wave band in the UV s p e c t r u m  o f t r i pheny lpy razo l i ne  is a band due to in t r amoleeu la r  charge  
t r a n s f e r  in the 1 ,3-conjugated s y s t e m  [57]. The s t r u c t u r e s  of the l -  and 3 - a r y l  groups  and the e lec t ronic  
na ture  of the s ubst i tuents  introduced into them t h e r e f o r e  have a g r ea t  effect  on the opt ical  p r o p e r t i e s  of 
t r i a r y l p y r a z o l i n e s .  Lengthening of the chain of the conjugated bonds in these  groups  induces a ba thoehro-  
mic  effect  [58, 59]. The s a m e  r e su l t  can be achieved by introduction of e l ec t ron-donor  subst i tuents  into the 
1-phenyl  group  o r  e l e c t r o n - a e c e p t o r  subst i tuents  into the 3"-phenyl group [60]. This  so r t  of effect  of the 
e lec t ronic  nature  of the subst i tuents  is a consequence of s t rong polar iza t ion  of the C 6 H s - N - N  = C-C6H 5 e h r o :  
mophore  s y s t e m  in the ground s tate ,  inasmuch as  the ni t rogen a tom in the 2 position, for  which sp 2 hybr id i -  
zat ion is c h a r a c t e r i s t i c ,  is m o r e  e lec t ronega t ive  than the n i t rogen a tom in the 1 posit ion, which is in the 
sp  3 s ta te .  The introduction of e l e c t r o n - a c c e p t o r  subst i tuents  into the 3-phenyl  group or  e l ec t ron -donor  
subst i tuents  into the 1-phenyl  group, by intensifying polar iza t ion  in the N 1 ~ N 2 direct ion,  ir, duces the in- 
dicated effects  [61]. 

The c h a r a c t e r  of the subst i tuent  in the 5 posi t ion of the pyrazo l ine  ring has p rac t i ca l ly  no effect  on 
the  opt ica l  p r o p e r t i e s  of t r i a r y l p y r a z o l i n e s  [60, 62]. Compounds in which a bulky 5 subst i tuent  r e m o v e s  the 
1 - a r y l  g roup  f r o m  the s a m e  planes as  the he te ror ing  const i tute  an exception to this; the luminescence  of 
these  compounds is m a r k e d l y  weakened [62]. 

Rep lacemen t  of a phenyl group  in the 3 posi t ion of pyrazol ine  by 2- fury l ,  2 - th ieny l - ,  o r  2 - se len ieny l  
g roups  leads to a long-wave shif t  of the spec t r a  that  i n c r e a s e s  in the s ame  o rde r .  The obse rved  shift  in the 
luminescence  intensi ty is explained by the i nc rea se  in the weight  of the groups  and the a s soc ia t ed  addit ional  
loss  of ene rgy  to i n t r amolecu la r  v ibra t ions  [63]. 

Luminophores  that  contain p-phenylene groups  c o m m o n  to two pyrazo l ine  r ings  in the 1, 3, o r  5 pos i -  
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t ions,  fo r  example,  IV [64], most  of which have ye l low-green  luminescence in the crys ta l l ine  s ta te  and green  
luminescence  in solutions [65], a r e  of in teres t .  

�9 Lengthening of the conjugation chain in IV, as well  as the i r  i somers  containing pheny!ene res idues  in 
the 1 posit ions of the pyrazol ine  r ings,  as compared  with t r iphenylpyrazol ine  is accompanied by a large  
ba thoehromic  effect .  It is interest ing that  the absorpt ion spec t ra  of di(1-pyrazol inyl)benzenes a re  shifted 
hypsochromicaUy,  whereas  the luminescence spec t ra  a r e  shifted bathoftuorical ly as  compared  with the 
s p e c t r a  of di (3-pyrazol inyl)benzenes .  The large Stokesian shift  of the 1 - i s o m e r s  is associa ted with the 

�9 absence  in them of a r igid coplanar  s t ruc ture ;  as a consequence of this ,  the losses  of e lec t ron  excitat ion 
ene rgy  to emiss ion less  t rans i t ions  increase  [66]. Di(5-pyrazol inyl)benzenes,  in which there  is no conjuga- 
t ion between the ehromophores ,  a re  s imi l a r  to the corresponding monopyrazol ines  with r e spec t  to the i r  
absorp t ion  and luminescence  spec t ra ,  but they have additively increased  molar  absorpt ion coefficients [66]. 

CompQtmds analogous to IV in which diphenyl and p- te rphenyl  res idues  a r e  included in the conjugation 
chain in place o f a  phenyl group have been synthes ized [67], The accumulat ion of a romat ic  r ings between 
the he te ror ings  causes  a gradual ly  increasing hypsochromic  effect,  apparent ly  due to weakening of the in- 
t e r ac t ion  between the chromophore  sys t ems  and local izat ion of the ~-e lec t ron  clouds in each of them [58]. 
Luminoj~hores with CH2, CH2CH2, and O bridges,  which in ter rupt  conjugation between the benzene rings of 
the diphenyl grouping that links the pyrazol ine  r ings,  differ  li t t le f r o m  monopyrazol ines  with respec t  to 
t he i r  optical  p roper t i e s  [58]. 

O 

N �9 O 

C6H5 C6H 5 
r~ v2 

A considerable  r ed  shift  of the luminescence  (~ 80 nm) is observed  when the phenylene res idue  of IV 
is rep laced  by a thiophene ring; the quantum yield also dec rea se s  [68]. 

Luminophores  of the pyrazol ine  s e r i e s  a r e  used as  ac t iva tors  of liquid and plastic sc inta l la tors  [52, 
64, 69] and a r e  used as  luminescence  dyes for  plast ics  [70, 71], components of dayl ight - f luorescent  pig- 
ments  and dyes [72], and f luorescen t  indicators  [73]. The use of t r i a ry lpyrazo l ines  in l a se r s  is well  known 
[74]. The use of a ry l - subs t i tu t ed  pyrazol ines  as  optical  bleaches has been proposed.  Not only 1 ,3 ,5 - t r i -  
a ry lpy razo l ines  [75] but also 1 ,3 -d ia ry lpyrazo l ines  [76, 77] a re  suitable for  this purpose.  

Many compounds containing benzoxazole,  benzimidazole ,  o r  benzothiazole groupings a re  used as o r -  
ganic luminophores  and scint i l la t ion ac t iva tors  [78-91]. Some e s t e r s  of imido acids with benzazole  group-  
Lugs a r e  r ecommended  for  f luorescen t  labeling of prote ins  and amino acids [92], while N-substi tuted ma-  
leinimides that contain benzoxazole  o r  benzimidazole  groupings,  for  example,  N-[p-(2-benzoxazolyl) -  
phenyl]maleinimide (V), have proved to be good reagents  fo r  the mercap to  group, with which they fo rm 
f luorescen t  complexes  [93, 94]. 

The most  widely spread  methods for  the  prepara t ion  of benzoxazoles  a r e  cyclodehydrat ion of sa l i -  
cyl ic  acid ani l ides [95] and condensat ion of a romat ic  aldehydes with o-aminophenol  with subsequent oxida- 
t ion of the resul t ing azomethines  [96-99], 

The resu l t s  of the f i r s t  investigations Of the f luorescence  p roper t i e s  of benzoxazoles  made it possible 
to cons ider  the benzoxazole  grouping to be a f luorophore  [100]. A large  number  of substi tuted benzoxazoles 
w e r e  studied in [101, 102], and the re la t ionship  between the i r  s t ruc tu re  and luminescence proper t ies  was 
established.  T h e  introduction of p-dialkylamino groups into the phenyl group of 2-phenylbenzoxazole  and 
lengthening of the chain of conjugated bonds by r ep lacemen t  of the phenyl group by a 4-diphenylyl  group 
caused the mos t  intense f luorescence  and a large  bathofluoric shift. Methoxy and methyl  groups also p ro-  
mote an increase  in the luminescence intensity but to a l e s s e r  extent than a dialkylamino group. 

In bisbenzoxazoles  that contain pyridine,  vinylpyridine,  a ,f l-dipyridylethylene,  and divinylpyridylben- 
zene groupings as a linking br idge (103], a bathofluoric shift and an  increase  in the luminescence intensity 
a re  obse rved  as  the c0njugation chain is lengthened, and the absorpt ion and f luorescence  bands a re  shifted 
to the longer-wave region as compared  with bisbenzoxazoles  in which the benzene ring se rves  as a bridge.  

In a more  detai led study of the nature  of the f luorescence  of benzoxazoles  and the ~- i soe lec t ronic  
s t i lbenes,  NUrmukhametov and co -worke r s  [104] a r r i v e d  at  the conclusion that the long-wave band in the 
UV spec t rum due to a ~r3r* t rans i t ion  is responsib le  for  the f luorescence .  Nyilas and Pin te r  [105] have ex-  
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p r e s s e d  the opinion that  the b isbenzoxazole  molecule  on pass ing into the exci ted s ta te  acqu i re s  a quinoid 
s t r u c t u r e  and is r e conve r t ed  to the benzoid f o r m  a f t e r  emi s s ion  of a f luo rescence  quantum. 

A s i m i l a r  re la t ionsh ip  between the f luo rescence  and scint i l la t ion p rope r t i e s  and the s t r u c t u r e  is ob- 
s e r v e d  in the 2 -a ry lbenz imidazo le  s e r i e s  [102 ,103 ,106] .  The subst i tuent  in the 2 posit ion of the he te ror ing  
has  the p r inc ipa l  effect  on the absorp t ion  and f luo rescence  spec t r a ,  whe reas  the influence of a subst i tuent  
in the 1 posi t ion of the imidazole  r ing r educes  p r i m a r i l y  to an inductive effect  [106]. 

R e s e a r c h  involving a study of the f luo rescence  p rope r t i e s  Of m o r e  complex ly  cons t ruc ted  azo les  - 
2 ,6-bis (benzoxazolyl )naphthalenes  [107], naphthoxazoles [102, 103,108] ,  phenanthro[9,10-d]oxazoles  [109], 
e t c . -  is known. 

Compounds of the az lac tone  c l a s s  obtained by condensat ion of var ious  a r o m a t i c  a ldehydes  with hippu- 
t i c  ac id  have intense luminescence .  The co lo r  of t he i r  luminescence  depends on the s t a r t ing  aldehyde [110]. 
4 - (4 -Dimethy laminobenzy l idene ) -2 -pheny l -5 -oxazo lone  (VI) - a luminophore  with o r a u g e - r e d  luminescence  
[iii] - is of p rac t i ca l  in teres t .  

p -  

N~C~ 
~] C6Hs 0 

Compounds with a t r i a zo l e  r ing [112-118], for  which the re la t ionship  between the spec t r a l  (including 
f luorescence)  p r o p e r t i e s  and the c h a r a c t e r  and posi t ion of the subst i tuents  has been  invest igated [119-121], 
a r e  widely used for  opt ical  bleaching.  Thus e l e c t r o n - a c c e p t o r  subst i tuents  in the 4' posi t ion of 2 -pheny l -  
naphtho[1,2]~riazole-6-sulfonic  ac id  intensify the luminescence ,  whereas  e l ec t ron -donor  subst i tuents  in the 
s a m e  posi t ion shift  the absorp t ion  and luminescence  to the long-wave region.  E l ec t ron -donor  groups  in the 
3' posi t ion quench luminescence ,  while e l e c t r o n - a c c e p t o r  groups  do not have a quenching effect  [122]. 

Indole de~:ivatives a r e  not used as  luminophores ,  but the abi l i ty of some  of them to luminescence  
has been used to de te rmine  them in biological  objects  [123]. The re la t ionship  between the f luorescence  
p r o p e r t i e s  of indoles and the i r  s t ruc tu re  was examined in [124-129]. 

Luminescence  p r o p e r t i e s  a r e  a lso  pecu l ia r  to indigo and thioinidgo [130]; only the t r ans  i s o m e r s  
luminesee .  The absorp t io  n and luminescence  s p e c t r a  of indigo a re  shifted to the long-wave region r e l a -  
t ive to the spec t r a  of thioindigo. The introduction of halogens has p rac t i ca l ly  no effect  on the s p e c t r u m  of 
indigo [131, 132]. A s t rong bathofluoric  shift  is obse rved  for  N, N ' -d imethyl indigo.  

Anthraquinonediazoles  with alkylamin0,  dialkylamino,  o r  cycloalkylamino groups  (R) in the 4 p o s i -  
t ion (VII, X = O, S, Se) have deep co lo r  and long-wave and intense luminescence  [133]. These  compounds 
a r e  used fo r  the p repa ra t ion  of purple  and viole t  day l igh t - f luorescen t  p igments  and dyes of var ious  
shades  [134]. 

O r g a n i c  L u m i n o p h o r e s  w i t h  S i x - M e m b e r e d  H e t e r o r i n g s  

S i x - m e m b e r e d  he te rocyc l ic  s y s t e m s  contain a he te roa tom with an unshared  pa i r  of e lec t rons  that  is 
r e spons ib le  for  the appea rance  of an n,~ * band in the absorp t ion  spec t rum.  In conformi ty  with one of the 
d i scussed  luminescence  m e c h a n i s m s  [135, 136], these  e lec t rons  a r e  t r a n s f e r r e d  f r o m  the Sn.~r. level  to 
the t r ip le t  T~r,v.  level ,  the longer  l i fe t ime of which p romo te s  e m i s s i o n l e s s  loss  of energy.  It is fo r  p r e -  
c i s e ly  this r e a s o n  that  many  he te roeye les  do not f luoresce ,  in con t r a s t  to the cor responding  a r o m a t i c  hy-  
d roca rbons .  Thus luminescence  is absen t  in pyr idine [!30], whe reas  in the case  of quinoline luminescence  

a p p e a r s  only in po la r  so lvents  [130,137].  The introduction of e l ec t ron -donor  subst i tuents  o r  an inc rease  
in the length of the chain of conjugated bonds is mani fes ted  in a ba thochromic  shift  of the 7rjr* band and 
over lapping of the n,~* band with it. This  leads to blocking of the n,~* quenching m e c h a n i s m  and, conse -  
quently, to an  i nc rea se  in the f luo rescence  intensi ty [138]. F o r  example ,  2-  and 3 -aminopyr id ines  have 
v e r y  intense f luo rescence  [139]. ~-(4-Dimethylaminophenyl)quinol ine  [138], ac r id ine  [140], 5 ,6 -benzo-  
quinoline [141], 3 ,4-benzazaphenanthrene ,  and 3 , 4 - b e n z a c r i d ~ e  [i42] luminesce  br ight ly ,  

In speaking of the p rac t i ca l  ~ use of s i x - m e m b e r e d  N-he te rocyc l i c  compounds,  one should note the 
poss ib i l i ty  of the use of 3 , 8 -d i m e t hy l -2 - azan th r acene  and 3 - m e t h y l - 8 - e t h y l - 2 - a z a n t h r a c e n e  in l a s e r s  [143]. 
Using the capac i ty  of a zahe t e rocyc l i c  compounds to f luo resce ,  one can moni tor  the comple teness  of the i r  
s epa ra t i on  f r o m  a polynnclear  a r o m a t i c  substance ,  inasmuct~as  they f luoresce  in a longer-wave  region 
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than the i r  hydrocarbon analogs [144]. Acr idine  and its subs t i tu ted  der ivat ives ,  which have green  and 
ye l low-green  luminescence  [145], have found the most  significant application. Resea r ch  involving a study 
of the luminescence  p roper t i e s  of acr id ines  [146-148] and acr idones  [149, 150] is known. 

1-Amino-subst i tu ted  1 ,9-anthrapyr idones ,  which luminesce in the ye l low-green  region of the spec-  
t rum,  and 6-amino-subs t i tu ted  1 ,9-anthrapyr idones  [151] (for example,  VIII), which a r e  used for  the p repa-  
ra t ion  of dayl ight - f luorescent  pigments and dyes [152], a re  interest ing as  luminophores.  

The luminescence  proper t i es  of diazaphenanthrenes depend substant ial ly on the posi t ion of the n i t ro-  
gen a toms in the i r  molecules  and can be explained on the basis  of an analysis  of the re la t ive  spacing of the 
n,~r* and ~r,~* levels  [153]. 

The probabi l i ty  of n,~ * quenching can be reduced  by format ion  of a hydrogen bond with the par t ic ipa-  
t ion of the unshared e lec t rons  of the he}eroatom. F o r  example,  the f luorescence  intensity of quinoline and 
acr id ine  inc reases  in the p resence  of pro ton-donor  compounds. The higher  the proton-donor  capaci ty of 
the compound added, the more  intense the luminescence [154]. Blue f luorescence  appears  in acidic media 
in the case  of 2-methyl -3-aminoquinol ine ,  which does not f luoresce  in neutra l  media and in the crys ta l l ine  
state  [155]. 

S ix -membered  he te rocyc les  with two ni trogen atoms,  fo r  example,  pyr imidines ,  have r a th e r  high 
f luorescence  quantum yields and display scint i l lat ion p roper t i e s ,  but they a r e  less  effective as scinti l lat ion 
ac t iva tors  than 2,5-diphenyloxazole  and p- te rphenyl  [156]. 

O 

r'H3(CH2)$NH~ ~L O ~ O  

(C2Hs)2N O 
- -  o i.~ g -wl_J 

Benzopyr imidines  - 2 -subs t i tu ted  4(3H)-quinazolones (IX) - a re  r ecommended  as  effective organic lumino- 
phores  [157]. 

The g rea t e s t  inc rease  in the f luorescence  intensity in the 2-aryl -4(3H)-quinazolone se r i e s  is ob- 
s e r ve d  in the case  of 6,7-annelat ion 0f the benzene ring o r  wl~en an amino group is introduced into the 6 
posi t ion of a b e n z e n e r i n g  condensed with a he te ror ing  [158]. 

In cont ras t  to the unsubsti tuted compound, ch lo ro-  and methoxyphenazines f luoresce  in the c rys ta l l ine  
s ta te  and in solutions.  1VIataga and Ezumi  [159] link this with a lowering of the ~,Tr* level.  However,  it is 
in teres t ing that in con t ras t  to mos t  o ther  he te rocyc les ,  phenazines lose the i r  capaci ty  fo r  f luorescence  
when they a r e  protonated.  This is explained by the vibrat ional  in teract ion of the ground level  with the low- 
e r  exci ted level,  which, owing to protonation,  has a v e r y  low value. 

Phenoxazine dyes luminesce  in alcohol  solutions.  The p resence  of a quinoid s t ruc tu re  leads to a 
long-wave shift  of the luminescence.  Some of them luminesce in the orange and o r an g e - r ed  regions of the 
spec t rum.  The introduction of a dialkylamino group into the para  posi t ion re la t ive  to the heteror ing n i t ro-  
gen (X) promotes  a bathofluoric effect.  Substitution in the o ther  positions is accompanied by a dec rease  in 
the f luorescence  intensity o r  by complete  quenching [160]. 

The re  is no information available regarding the prac t ica l  uti l ization of the f luorescence  of phenoxa- 
z ines .  At the same t ime,  a f luo rescence  method for  the qualitative and quantitative de terminat ion  of sulfur  
analogs of p h e n o x a z i n e s -  pheno th i az ine s -  is known [161]. 

F luoresce ins  and rhodamines  have long se rved  as  c lass ica l  objects  fo r  the investigation of the lumi-  
nescence  p roper t i e s  of organic  substances.  Dayl ight - f luorescent  pigments and dyes have been c rea ted  
f rom them [162,163],  and they a r e  used for  labeling ae roso l s  [164] and for  many other  purposes .  Replace-  
ment  of the p r i m a r y  amino groups in rhodamine molecules  by diethylamino groups causes  a bathofluoric 
effect  and a smal l  inc rease  in the f l uo re scence  quantum yield.  The introduction of two aryla lkyl  groups 
into the amino groups  r e s u l t s  in a more  significant long-wave shift  of the f luorescence  maxima,  the longer 
the alkyl chain; the quantum yield remains  a lmos t  unchanged in this case.  Replacement  of the hydrogen 
a toms of the amino groups by a ry l  groups markedly  reduces  the luminescence intensity and induces an 
even g r e a t e r  bathofluoric e f f e c t  [165, 166]. 

Coumarin  der iva t ives  a re  of  in te res t  as  optical  bleaches [167-169]. A study of t he i r  luminescence 
p rope r t i e s  in the  case  of 4 -methy lcoumar in  showed that  electron-dor~or substi tuents in the 7 posit ion in- 
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c r e a s e  the br igh tness  of the luminescence ,  and the mos t  s ignif icant  effect  is obse rved  when a diethylamino 
group  is introduced; hydroxy and methoxy gruoups  have a l e s s e r  effect  [170-174]. 

Of the o ther  c l a s s e s  of he te rocyc l ic  compounds used as luminophores ,  one should note pyry l ium sal ts  
(based on 4 - a r y l -  and 4 - s t y r y l p y r y l i u m  pe rch lo ra t e s  [175]). 

Effect ive  luminophores  a r e  found among barb i tu r ic  acid der iva t ives .  Specifically,  5 - (p -d ime thy l -  
aminobenzy l idene)barb i tu r i c  a c i d -  a luminophore  with red luminescence  - is one such luminophore 
[176, 177]. 

O r g a n i c  L u m i n o p h o r e s  - P h t h a l i c  and N a p h t h a l i c  Acid D e r i v a t i v e s  

A number of studies involving the investigation of luminophores that are 3- and 4-aminophthalimide 
derivatives have been published; the effect of various structural factors and the environment on their lu- 
minescence has been studied [178-181]. These luminophores have not received substantial practical 
application. 

Luminophores based on naphthalic acid, substituted naphthalic acid, and its derivatives have recently 
assumed great importance. Many of them contain groupings of atoms characteristic for the luminescent 
substances already noted above. However, the combination of these groupings with naphthalic anhydride, 
naphthalimide, and naphthoylenebenzimidazole groupings has made it possible to obtain effective lumino- 
phores with interesting new properties. 

One should first of all note luminophores with blue luminescence - naphthalimide derivatives - which 
are used as optical bleaches. The overwhelming majority of them contain an alkoxy group in the naphthali- 
mide grouping, most frequently in the 4 position [182-185]. Hydroxy [186], acylamino [187], phenoxy, alkyl 
or eycloalkyl [188], halo [189], alkyl- or arylmercapto [190,191], and sulfamide [192] groups are some- 
times introduced in place of them. The hydrogen Of the imino group is unsubstituted only in rare instances 
[186]. Alkyl [193] or alkoxy [194] and alicyclic [195] groups are usually introduced in place of it, and 
sometimes alkyl groups containing a dialkylamino group [196] or an ester grouping [197], hydroxy or al- 
koxy groups, heter0cyclic groupings [198, 199] are introduced in place of it. 

Luminophore XI may serve as an example of compounds recommended for bleaching polyester and 
polyacrylic fibers [200]. 

Naphthalimide derivatives with heterocyclic substituents in the naphthalene ring and compounds in 
which this ring is condensed with a heteroring are of interest as bleaches. Thus, according to [201], 4-pyr- 
azolyl-substituted naphthalimides can be used for bleaching synthetic materials. Compounds XI (X = O, 
NH), which are synthesized by condensation of 3-haloL4-aminonaphthalic acids or their imides with ear- 
boxylic acid derivatives and subsequent cyclization of the reaction products [202,203], are used for bleach- 
ing natural and synthetic fibers, resins, paper, and leather. 

C ~%~C H2C H20 ~ C O \  
\ ~  --N--C H2C H2C H 3 , 

R__c/O'~ 

~CO 
/ •  

Cationic b leaches  that  a re  naphthal imide de r iva t ives  have been descr ibed .  A qua te rna ry  ni t rogen 
a tom,  which m a y  be included in the he te ror ing ,  en te rs  into the subst i tuent  a t tached to the imide ni t rogen in 
these  compounds.  Thus,  for  example ,  luminophore XIII is r e c o m m e n d e d  for  bleaching synthetic f ibers  [204]. 

Bleaches  with unsa tura ted  acyl  groupings  a r e  known. Copo lymers  of ac ry lon i t r i l e  with smal l  amounts  
of luminophore  XIV a r e  m o r e  photostable  than po lyacry lon i t r i l e  b leached with 4-ace tamidonaphtha l ic  acid 
N-butyl imide  [205]. 

In addition to naphthal imide de r iva t ives  used fo r  the opt ical  bleaching of var ious  m a t e r i a l s ,  lumino-  
phores  with yellow and orange  luminescence  that  a lso  contain a naphthal imide grouping have been descr ibed.  

In con t ra s t  to N-subs t i tu ted  4-ace tamidonaphtha l ic  acid imides  - luminophores  with blue lumines -  
cence - the co r respond ing4-aminonaph tha l i c  acid de r iva t ives  a r e  yellow dyes that  ab so rb  light and lumi-  
nesce  in a longer -wave  region than the analogous phthal imide de r iva t ives  [206, 207]. 
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[.ocH o-C co\. ] + 
�9 ~(,-,b_ co..,-~ ~c .~--~.~ x -  

. ~ ~ " r 3 
x._..J 

C H2-~ C__CONH~CO~ �9 

ICH~ �9 <~co -'N-c~ 
X lV  

N-Substituted 4-aminonaphthalic acid imides serve as the luminescent components of daylight-fluorescent 
pigments and dyes [208, 209]. 

Compounds with a perimidine ring that a re  formed in the reaction of N-substituted 4,5-diamino- 
naphthalic acid imides with aliphatic or aromatic acid chlorides (XV, R, R' = Alk, Ar) [210, 211] are  classi-  
fied as greenish-yellow and yellow luminescent dyes. 

Orange luminescent dyes XVI were obtained by introduction of a pyrazoline grouping into the 4 posi- 
tion of the naphthalimide grouping; they are  used for dyeingpolystyrene and poly(methyl methacrylate) 
[212,213]. 

~ 

x v x v_~1 

Luminophores with luminescence of a different color are  found among azomethine derivatives of 4- 
amino-N-phenylnaphthalimide [214]. Their  range of luminescence (kma x in dimethylformamide 465-525 
nm, 512-605 nm in the solid state) can be varied over considerable limits by changing the structure of the 
aldehyde residues.  

Luminophores with azomethine groups are  unsatable in acid media. Their  arylethylene analogs 
(XVII), obtained from 4-chloromethylnaphthalic acid [215], d~ not have this disadvantage. 

A.r'--CH ~-- C H - - ~  CO\ O C ' - - ~  CO 

~_co,~ c~ "~ ~/-~x- '~ -~J 
XVI_~I XV I I I  

Perilene-3,4,9,10-tetracarboxylic acid (XVIII), which has luminescence properties,  was synthesized 
by alkaline fusion of naphthalimide [216]. Peri lenetetracarboxylic acid N,N'-dialkyl(or cyclohexyl)imides 
dye polystyrene in bulk from reddish-yellow to orange (depending on the luminophore concentration). In 
addition to high photostability, fluorescing dyes have great brightness and resistance to chemical action 
[217,218]. Photostable luminescent pigments that dye various polymers from red to c laret  can be obtained 
by condensation of peri lenetetracarboxylic acid dianhydride with 4-aminonaphthalic acid N-substituted 
imides [219]. 

1,8-Naphthoylene-l '  ,2,-benzimidazole (XIX) [220], which is readily formed in the reaction of naph- 
thalic anhydride with o-phenylenediamine [221], is an effective luminophore with yellow-green lumines- 
cence. This luminophore, which luminesces intensely in hydrocarbon solvents and in the solid state, has 
received wide application in luminescence defectoscopy [222,223] and has been used to impart luminescing 
colors to polystyrene and other polymers [224,225], in y- radia t ion  dosimetry [226], and for other purposes. 

Various substituted naphthoylenebenzimidazoles, pr imari ly  those containing chloro and methoxy 
groups in the benzene ring, have also been used to dye polymers [224,227,228]. 

The product Of the condensation of 3-sulfonaphthalic anhydride with o-phenyienediamine is a water-  
soluble luminophore with yellow-green luminescence [229]; 

Compounds that luminesce intensely in the solid state were obtained by condensation of amino-sub- 
stituted naphthoylenebenzimidazoles (amino group in the peri  position of the naphthalene ring) [203]. 
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Luminophores  with o r a n g e - r e d  and r ed  luminescence  that  contain interconjugated rmphthoylenebenzi-  
midazole  and diphenylpyrazol ine s t ruc tu r a l  groupings  (XX) a re  of in te res t  [231]. 

A~ 

Ar 
x~_.Zx x x 

These  compounds,  which are  soluble in organic  media ,  dye po lys tyrene  and poly(methyl  methacry la te ) ,  
and they give intensely f luoresc ing  photostable  co lo r s  even in low concentra t ions  [232]. They a re  s o m e -  
t imes  used for  the s ame  purpose  in mix tu re s  with thioindigo dyes [233]. 

Yellow luminescent  dyes of the XXT type, which a re  sui table for  d y e i n g p o l y e s t e r  f ibe r s ,  we re  r ecen t ly  
desc r ibed  [234] .  

4-  and 5 -Benzoy l - subs t i tu ted  naphthoylenebenzimidazoles  a re  used in the synthes is  of compounds 
that  contain a benzanthrone grouping, for  example ,  XXII. 

O 
X• XX~_J 

F o r  this ,  they a r e  heated with anhydrous a luminum chlor ide .  Compound XXII is a luminophore  with orange  
luminescence  [235]. 

4-Carboxynaphtha l ic  anhydride (the anhydride of naph tha l ene - l , 4 ,5 - t r i ca rboxy l i c  acid) a s s u m e s  
g r e a t  impor tance  in the synthes is  of luminophores .  Condensat ion of its acid chlor ide [236] with o -phenyl -  
enediamine,  o-aminophenol ,  o-aminothiophenol ,  and the i r  subst i tuted de r iva t ives  gave benzazolylnaphthal ic  
anhydr ides  XXIiI (X = O, S, Nil), which have intense luminescence  in hydrocarbon  solvents  but luminesce  
less  intensely in the solid s ta te  [237-240]. The anhydr ides  of a ry loxazo ly l -  and aryloxadiazolylnaphthal ic  
acids (XXIV, X = CH, N) were  descr ibed  a l m o s t  s imul taneous ly  [241-243]. The cor responding  naphthali-  
mide and Imphthoylenebenzimidazole  de r iva t ives  were  synthes ized by condensation of these  anhydr ides  
with anil ine o r  0 -phenylenediamine  [238, 240,243-245] .  

X X - - N  

%~j2-r 

xx,,~ xx,._~v 

The luminescence maxima of luminophores obtained from 4-earboxynaphthalic anhydride lie over a 
wide range of wave lengths: 425-628 nm in toluene, and 480-635 nm in the solid state. The absolute quan- 
tum yields of toluene solutions range from 0.14 to 0.95. 

The anhydrides and phenylimides have been used for the preparation of daylight-fluorescent pigments 
[246,247], and naphthoylenebenzimidazole derivatives can be used to dye polystyrene [240, 243]. 

L u m i n e s c e n t  H e t e r o c y c I i c  C o m p o u n d s  w i t h  a n  I n t r a m o l e c u l a r  H y d r o g e n  B o n d  

Luminophores  based  on he te rocyc l ic  compounds with an in t r amolecu la r  hydrogen bond const i tute  a 
spec ia l  group.  It was noted above that  bonding of the unshared  pa i r  of e lec t rons  of the he te roa tom leads to 
a change in the re la t ive  spacing of the n ,v*  and ~,v * levels  and f requent ly  entai ls  the development  of lumi-  
nescence .  This  effect  can a lso  be achieved by means  of an in t r amolecu la r  hydrogen bond. In this case ,  an 
anomalous ly  la rge  Stokesian shift  is obs e rve d  s imul taneous ly  with the development  of luminescence :  sub-  
s tances  that  a r e  co lo r l e s s  in daylight f luo resce  i n t h e  blue [248], g r een  [249], yellow [250], and even in the 
n e a r - I R  region of the s p e c t r u m  [251]. 

The r e a s o n  for  the anomalous ly  la rge  Stokesian shift  l ives  in the e m i s s i o n l e s s  loss  of a port ion of 
the abso rbed  ene rgy  to t r a n s f e r  of a proton along the coordinate  of the hydrogen bond. The dec rea se  in 
the luminescence  m a x i m u m  depends on the s t rength  of the hydrogen bond, which can be changed by in t ro -  
ducing subst i tuents  of d i f ferent  nature .  The weake r  the hydrogen bond,  the l a r g e r  the bathofluoric  effect  
[252]. 
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Luminophores  with an in t ramolecula r  hydrogen bond a r e  known in different  c l a s ses  of he te rocyc l ic  
compounds. These  include 2-  (2-arylsulfonylaminoph.enyl)-4H-3,1-benzoxazin-4-ones (XXV) [250], 2-  (2-hy- 
droxyphenyl)-subst i tu ted benzoxazoles  [249], benzothiazoles [253], benzimidazoles  [254] (X-XVI, X = O, S, 
NH) ,' and 2-  (2-hydroxyphenyl)-4 (3 H)-quinazolones (XXV II) [255 ]. 

O 

[~O • 

NHSO2Ar 
xxv xxvl 

O 

rNH 

xx__vl~ 

The use of luminophores  with a large Stokesian shift makes  it possible to rea l ize  luminescent  labeling 
of a r t i c l e s  without changing t h e i r  natur'4. 1 co lo r s ,  f o r  example,  in the preparat ion of luminescent  postage 
s tamps for  automatic  sort ing of le t te rs  [256] or  luminescent  coded cards  [257-259]. 
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