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SOKE NZM USER DYES - SOLVENT EFFECT ON 2E 
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ABSTRACT 

W i t h  a view to extend the tunabi l i ty  range and 

maximu output with the coumarin series of dyes, 

eleven new coumarins d i f fe r ing  i n  the nature of 

substi tuents and their positions are synthesized. Two 

of these are found to  be capable of l a se r  action. 

Optical spectra  and quantum ef f ic ienc ies  of these 

two dyes i n  various solvents are studied. Correlztion 

between las ing capabi l i ty  s t ructure  of the dye and 

i t s  opt ical  charac te r i s t ics  I s  discussed. 

INTRODUC T I  ON 

9 

Eleven new subst i tuted coumarin derivatives have 

been synthesized with a view to obtain nqw l a s e r  
597 
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598 PADHYE, VARADARAJAN, AND DESHPANDE 

ac t ive  media. Optical  absorption and fluorescence 

emission spectra  of these dyes are studied i n  

d i f f e r e n t  solvents  w i t h  a view to standardise  the 

parameters t o  mae these dyes e f f e c t i v e  media f o r  

laser act ion . 
O u t  of these eleven dyes, four  were capable of 

luminescence and of these two showed l a s e r  a c t i v i t y .  

These two were studied i n  d e t a i l  w i t h  respec t  t o  

absorption and en iss ion  spec t ra  and quantum 

ef f ic ienc ies  i n  various solvents.  E f fec t  of solvents  

on the pos i t ion  of the l a s i n g  wavelength and on 

quantum ef f ic iency  i s  discussed. 

9 

EXPERIMENTAL : 

The synthesis  and p u r i f i c a t i o n  of the new 

coumarin der ivat ives  a r e  being reported separately.  

Thei r  p u r i t y  i s  tes ted  by IH spec t ra  and a lso  by 

chronatoqraphy. Absorption s p e c t r a  of these 

coumarins a re  recorded on Beckman DK 2 spectro- 

photometer and fluorescence emission i s  recorded 

on Aminco' s spectrophotofluorometer . For the 

prec ise  measurement of quantum e f f i c i e n c i e s  of 

these dyes, an experimental s e t  up has been 

fabricated here. It contains a monochromator and 

rturdard pllotomult i p l l o r  t ogethor with apex photon 

eotanting eymtam. Tho photeaaultlplior 10 oooled by 
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NEW LASER DYES 599 

uring the eleatro-cooled photomult i p l i e r  houeing. 

A point rourae xenon arc l e  ueed as a source of 

exciting radiation. 

ar  an ideal r ca t t e r e r .  

A fmrhly prepared MgO i e  u 8 d  

Wtum eff ia ienay  of fluoreraence,  i s  found by 

f ron t  aurface r e f l e a t i o n  method which l a  reported t o  

riniaire errom in ouah doteminat ion  L-l-3J. 

ca lau la t  ing t h e  quantum off  lcienay, obrerved valuer 

are aorreafed f o r  the grating s e n s i t i v i t y  and 

photomultiplier eenei t  ivity.  Receerary oorreation 

for r e f r aa t ive  Index i e  a leo  made. It I 6  hen- 

believed that tho valuer of quantum eff ia ienay are 

precise abrolute  valuee. 

While 

hrer  aa t ion  of these dyee war t e r t ed  by using 

P Nitrogen l a e e r  rad ia t ion  ae pumping rad ia t ion  and 

ueual t raneverre  cavi ty  w i t h  dyo rrolution In one 

em ce l l*  

liluaui 
FU. I ahowe t h e  l i a t  of dyes eyntheri2;ed along 

with t h e i r  omlseion aharauter, The f iret  eeven dye8 

are e i t h e r  non-fluoreraent or very weaUr 

* Ueer aa t ion  of dyer i e  t ee ted  at  Speotrorcopy 
~ i v i e i o n ,  B.A,R.c.( India). 
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600 P A D W E ,  VARADARAJAN, AND DESHPANDE 

NON FLUORESCENT DYES 

Dye No Chemical Name Structural Formula 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

2 imino, 3 benzimidazolyl, 7 diethyl amino:--- 
coumarin 

7 diethyl amino, 3 imido, 2 aldehyde imino,-- Et$J-f-&fd-CH 
coumar in 

R 
CONH2 

7diethyl amino, 3 benzimidazolyl, 2N 
phenyl guanidino, imino coumarin 

7 diethyl amino, 3 imido, 2 imino, coumarin .'...'. Et2 Na;o;H2 
7diethyl amino, 3 bmzimidazoly, 2N .. .  ..... 
phenyl imino coumarin 

qr 
7 diethyl amino, 3 imido.2N-cynamid0, ~ - ~ - ~ - ~ E t 2 N ~ -  -NH2 
imino coumarin CONH2 

0 ,o 
7 diethyl amino, 3 carboxylic acid, coumarin.-...E t2N ~ , o o H  

FLUORESCENT DYES 

7diethyl amino,3,3(1phenyI,4aldehydo ..- . . .  ... 
pyrazolo coumarin 

7diethyl amino,3,3(1 phenyl,4 cyno)..-.-.-.-. E t2N 
pyrazolo coumarin 

7diethyl amino, 2 imino.3 anilyde coumrrtn - .. Et;! N 

7 diethyl amino, 3 i d o l  coumarin - - -  .. ... Et2N 
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NEW LASER DYES 60 1 

DVE @ in DMF 

fluorooeont aad henao not woful in tho oontoxt 

of the proront rtudy. 

dyer only two, No. 8 and 80. 9 are found t o  61~0 

lamer aotion and are otud1.6 in detail. 

Out of the f o u r  fluorosoent 

The oairrfon rarelongth 80 ro l l  a8 the 

amlorion intoa8lty a m  rolnnt dopendont and 8- 
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602 PADHYE, VARADARkJAN, AND DESHPANDE 

I 

A /nm 

rooordod In tho tablo In Fig. XV a l w  with othor 

data for rar loue rolnntr  in umo of 4yee 

HOB* 8 and 9. 

xLzmWu4 
When tho rtruoture of oommoroirl ootrarin 

laror dpm L-4-6 I aro omparod with thome of 
the proront m r l e r ,  It lr  obromd tbht in tho 
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NEW LASER DYES 603 

0.4 

L 
300 

preront r o r l o r ,  there lr a moro oomplex 
rubstltuent at pos i t ion  3. A typioal ommoroIP1 

eo11+rhtr r t r u o t u r o  l e  am bolor: 
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NEW LASER DYES 605 

t r u u b i l l t y  range oxtending t o  lollger warelengthr, 

bamimlly it is rmdorrtood tbt rango of n 
eleotron de loca l lu t lon  ought t o  fnomaso by 

more er tens iw conjugation at pooition 3, next 

t o  3 t 4  doable bond in t b  PI- ring. rt 10 

obvlow tbt any other porltion of mubetittatIan 

in tho phony1 part la not, expeoted t o  be lid 

eifeutiw eince it would lead t o  crorr  conjugation. 

For pouitlon 2, conjugation i r  o n l ~  effective 

provided the double bond I s  next t o  ring ar in 

h l n e  structure. 'Po oomplaaent the offeat of 

inoroared oon j q a t  Ion, a s u i t a b l e  eleotron act  irs 

group fn porit lon 7 ie expected t o  be helpful. 

There uonriderationa were kept in m i n d  while 

fornulating programme of rynthorir of the  present 

serier of compounds. 

theorotloally well founded have pract ical  
1 h i t a t  lone. 

yield nqui red  results beoauee of one or more of 
tho  fo l lowing .  

distorted out of plme of coumarin riag In which 

oaso conjugation i r  not porsible, the BUb8titUOnt 

may have ohelating grotrpr which may b r b q  about 

In t e rm even-Intremoleeular hydrogen bonding i n  

which @re again, the  shift may not be a8 expeoted. 

The deduotfonr thowh 

A l l  oon j e t  1- eubet It uent I do not 

The subrtituent may be rt 'erioelly 
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606 PADHYE, VARADARAJAN, AND DESHPANDE 

Thlr porr lbly explain8 why many of the l l r t ~ d  

omporradr am non-f l u o n r o e n t  

It 10 a100 mrotod that in tho  OCLILIO of dyer 

Moo. 10 and 11 , no lamer aotlon 10 obrerved 

boorue0 of tho low quantrm eff lolenoles l a  those 

oarer whloh in DMP a m  32 $ and 57 p mrpeot lve ly  

ar agrinrt 80 $ and 72 $ in oaro of dyer nor. 8 aad 

9. In fao t  , high quantum o f f  lolenoy exooedlng 

about 70 9 10 an errentlal oondltlon for lamer 

aot lon M i o a t -  that radlatlw S, 3 So deaa t l ra f lon  

18 tho  mart i r p O & d i  o r  p ~ o t ~ l ~  OXolUdVO 

energy dirrlpatlon prooorr, 

dyor Eor. 8 a d  9 ,  t ho  lasor ac t ion  Is obrorved 
only in DMS and chloroforn molutlon but not In  

eloohols. For dyo 190, 9 In EfOE, the quantua 
effiolonoy l r  high (86 $) but no l a r o r  aot lon 18 

found, 
dye in WOE, The r f foo t  of rolvent thus  on 
laror a o t l r l t y  rour  t o  arise offeotlvely from 

obrylor  I n  quantum o f f i c b n o y  whioh, in turn, 

dopondr on rolront-rolute in te rao t lon  and 

Bvon in the oar0 of 

Thlr my be due t o  poor r o l u b l l l t y  of 

rOlUbllity* 

The offoot of rolvont on dyes Nor. 8 and 9 

(Fig. IV) ehowr t h f  the  abrorpt lon m a r l m u m  10 

at  longer wavolcqth and emirmion at rhor tor  
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NEW LASER DYES 607 

warelength in CHC17 than in DM? f o r  dyo 100. 8 

which has an aldohyde group whereas it l r  revere0 

fo r  dyo JTo. 9 which ha8 a CEIA group. In tho  

abrenoo of the Qdrogen bonding k n c t i o n  t h i s  

o m  be explained on the baeie of p o l a r l t s b l l l t y  

a d  t he  d i e l e c t r i c  oonstant of the eo l t en t .  

'Phia, however, is not seen t o  be t r u e  f o r  quantum 

of f ia lenc ies  which ie m a x i m u m  f o r  chloroform i n  

both dyes. 

influenced by H bonding for CHO oontaining dye 

and d i e l e o t r i c  offoot  far C f l  oontaining dye. 

The offoot  of alcohole i a  mainly 

1 W.H. MelhUish J. Phyr. Chern., a, 
229-235 (1 961 ) 

2. J.I. Dmaa and J. Phys. Chem., a, 
G.A. Croeby 991-1024 (1971). 

3. W .He Helhulrh Hew. Z. J. Sol. Tech., 

me 142-149 (1955). 

4.  F.P. S o b f o r  in Amlied  

Phyeice. Vol. 1 

Dye Laeer8, 2nd Ed. 

Springsr-Verlag, Berlin, 

Heidelberg, Heu York 

(1 977)PP. 161-1 64 
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5. DeH. dolthala and opt. aopplrun. 
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