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This  Technical  Report  has been prepared by CIE Technical Committee 2-08 of 
Division 2  Physical Measurement  o f  Light and Radiation and has been approved 
by the  Council o f  the  Commission Internationale de  1' Eclairage for  study 
and application.  The document  reports  on current  knowledge and experience  
within the  specific field o f  light and lighting described,  and i s  intended to  
be used by t he  CIE membership and other ioterested parties.  It should be 
noted,  however,  that  the  status  o f  this  document  is advisory and not 
mandatory.  The latest  CIE proceedings  or Journal should be consulted regarding 
possible subsequent  amendments.  

Ce  rapport  technique  a été préparé par le Comité  Technique CIE 2-08 de la 
Division 2  ' Mesures  physiques  de la lumière et  des  radiations'  et a ètè app- 
rouvé  par le Conseil de la Commission Internationale  de l' Eclairage,  pour 
étude  et application.  Le document  traite  des  connaissances  courantes  et de  
l' expérience dans  le domaine spécifique indiqué  de  la lumiére et de 
l' éclairage,  et i l  est établi pour l' usage des  membres  de la CI E  et  autres  
groupements  intéressés.  I 1  faut  cependant  noter que c e  document  est  indicatif 
et non obligatoire.  Pour connaitre d' éventuels  amendements,  consulter les  plus  
récents  comptes  rendus  ou le Journal de l a  CIE.  

Dieser Technische  Bericht  ist  vom CIE-Technischen Komitee 2-08 der Division 2  
Physikalische  Messung von Licht  und Strahlung ausgearbeitet  und vom Rat  der 
Comnission Internationale de 1  ' Eclairage gebilligt  worden.  Das  Dokument  . '  

berichtet  über den derzeitigen Stand von Wissen und Erfahrung i n  dem 
behandelten Gebiet  von Licht  und Beleuchtung;  es  ist  zur Verwendung durch 
CIE-Mitglieder und durch andere Interessierte bestimmt.  Es  sollte  j edoch 
beachtet  werden,  da6  das  Dokument  eine  Empfehlung und keine Vorschrift  ist.  
Die  neuesten CIE-Tagungsberichte oder das  neueste  CIE-Journal sol 1  ten im 
Hinblick auf mögliche  spätere Änderungen zu Rate gezogen werden.  

Any . mention of organisations or products does not imply endorsement by 

the CIE.  Whilst every care has been taken in the compilation of any 

lists,  up to the time of going to press,  these may not be comprehensive.  

Toute mention d' organisme ou de produit n' implique pas une préFerence de 

la CIE.  Malgré le soin apporté à la compilation de tous les documents 
jusqu' à la mise sous presse,  ce travail ne saurait être exhaustif.  

Die Erwähnung von Organisationen oder Erzeugnissen bedeutet keine 

Billigung durch die CIE.  Obgleich große Sorgfalt bei der Erstellung von 

Verzeichnissen bis zum Zeitpunkt der Drucklegung angewendet wurde,  ist 

es möglich,  daß diese nicht vollständig sind.  
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SUMMARY 

This  Technicaï Report  describes  an intercomparison of  

measurements  of t h e  ( to ta l  spectral.  Fad i an c e  factor  (SRF)  

af luminescent  materials .  Seven  luminescent  specimens w e r e  

provided as  p a i n t e d  p an e l s :  two  w e r e  white  containing FWA5  

and fi v e  w e r e  chromatic (green,  yellow,  t w o  orange ,  red) .  

The  SRF5  were ta be  measured w i t h  direct  s p e c i m e n  

illumination by  a saurce simulating CIE The SRFs  that  

would have  been o b ta i n e d  under Da- illumination w e r e  to  be  

calculated  by  a method from among those  p r e v i o u s l y  studied 

by the  c o m m i t t e e .  Data  sets  from four laboratories  Cane 

supplying two  sets)  gav e  useful  results.  Tho mean CIELAB 

color d i fference  f r o m  the  m e a n  of the  f i ve  data sets  was 2.6 

'  u n i t s  averaged civer all data  sets  and s p e c imens ,  w i t h  a 

range among specimens  f r o m  1.9 to  3 . 4  u n i t s  and a range  

among data  sets  from 1 .5 to 4.2 u n i t s .  The m e a n  calor 

difference  from the  results  of an arbitrary reference 

l a b o ra t c r y  w a s  3 .6  u n i t s  averaged aver all düta sets and 

specimenss  wi th  a range  among specimens  from 5.0 ta 4.2 

u n i t s  and a range  among data set5  from 2.1 ta 5.3 units.  

Maximum values  af t h e  SRF5  varied c o n s i d e r ab l y  among the  

data  sets,  over ranges  varying from 11.4% to  33.6% among t h e  

s am p l e ç ,  I t  is t h e  committee' s  feeling that  these results  

are  representative of the  p r e s e n t  sta te  of  the  art  +or t hi s  

measurement,  d e s p i t e  t h e  r e l a t i v e l y  paar  per+ormance  seen. 

V 
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R f  SUMe 

Ce rapport  technique  dgcri t  une  romparaison  de  mesures  du facteur  

d e  luminance  Qnergktique  spectral ( to ta l  i CCRF) pour des m a t 4 r i a u x  

luminescents.  Sept  échantillons  l um in e s c en t s  furent  fournis  SDUÇ 

furme d e  plaquettes;  p e i n t e s :  deus  étaient  blanches  cantenant  un agent  

fluorescent  d ' a t u r a g e  et c i n q  étaient  colorees  (une verte,  une jaune,  

deux oranges  et une rouge] .  Le CRF d e v a i t  être  mesuré  avec un éclair- 

age  direct  des échantillons  par une  sQurce  réalisant  l' illuminant DCS 

de  la C I E .  Le SRF  qui  aurant  &te obtenu sous éclairage  par Da- devait  

etre  calculé par  une méthode choisie  parmi celles étudiées  précedemment  

pair le comi té.  Les résultats  de  quatre laboratoires  tun des  latora- 

ta i ra s  a fourni  deux  séries de  riSsultats3 fournissent  des  i n fo t rm a t i ~ n ? ~ .  

utiles.  La différence de  couleur CIELCIB mayenne,  calculée  sur 1  ' ensem- 

ble  des  résultats  dez.  laboratoires  et des échantillons,   pa^ rapport  

aux moyensi des  cinq groupes de réçultats  etait d e  2, b unitgs,  avec un 

é ca r t  pour l e s  échantillons  compris  entre  1,9 et 3 , 4  u n i t é s  et un 

&cart pour les  r k u l t a t s  des laboratoires  compris  e n t r e  i,5 et 4,2 

u n i t t h .  La diffkrence  de  couleur mayenne,  calculie sur 1  ' ensamhlc des  

résultats  des  laboratoires  et des,  &chantillons,  par  rapport  dux 

résultats  d ' un  des laboratoires  choisi  arbitrairement  comme  réf&uerce  

&tait de  3,6 unites  avec un écart  pour les r2 chan t l l l on s  c o m p ~ i i j  entre  

3 , O  et 4 , 2  uni t & ,  et un écart pour l e s  réçultats  de5 labnratoires  

cornpt-ic entre  2,i et 5,3 unit&.  L e s  va l eurs  maximales  du  SRF varient  

con s i d é rab l emen t  d' un l a b o ra t o i r e  à 1  ' autre  avec des  ticarts  variant  d e  

1  I , 4 7- 21 33, 6 X su i van t  les échar' ti  i IWIE; .  De 1  ' avr5  du  comite,  ces 

m 

r & s u f t a k e ,  s a n t  r - e p r& s e n ta t i fs  d e  la s i t u a t i o n  actuelle pour ce  t y p e  d e  

~ ~ Ç U F E I F ~ ,  en depit  de-,  résultats  r e l a t i v em e n t  imparf d i t s  obtenus; .  

VI  
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ZUSAMMENFASSUNG 

D i e s e r  Techn i s c he  B e r i c h t  e n t h ä l t  E rg e b n i s s e  e i n e r  Ve rq l e i c hs -  

me=+=+ung des (To ta l en1  s p e k t r a l e n  S t r a h l d i r h t e f  a k t o r s  (SRFI an lurnines-  

z i e r e n d e n  M a t e r i a l i e n .  Es wurden sieben l umi ne s z i e renden  Proben  i n  

Form b e s c h i c h t e t e r  Ta+e ln  berei tges tel l t:  z w e i  Proben  waren w e i f 3  und 

e n t h i e l t e n  f l u o r e s z i e r e n d e n  Aufheller,  f G n f  Proben waren farbig (grl ln,  

gElb ,  2 x o rang e ,  ro t ) .  Die SRÇs s o l l t e n  b e i  d i r e k t e r  Probenbes tr- ahl -  

ung u n t e r  Verwendung e i n e r  S t r a h l u n g s q u e l l e  qernes5en werden,  die  die  

Ve r t e i l u n g  nach  CIE Dab s imu l i e r t .  Die f ü r  D&--Bestrahlung g ü l t i g e n  

SRFr sollten nach einer der von dies em  Kom i t e e  zuvor  u n t e r s u c h t e n  

M e t h d e n  berechnet werden.  Dis  van v i e r  L ab o ra to r i e n  angegebenen  

D a ten re i hen  ( e i n  Laboratori um  ist m i t  zwei  D a ten re i hen  vertreten)  

e rg ab en  b r au c hb a re  E rg eb n i s s e .  D e r  m i t t l e r e  CIELCIB Farb ab s tand  v a m  

M i t t e l w e r t  a u s  d e r  H i t t e l u n q  Liber al l=  fü n f  Daten re i hen  und Proben 

b e t r u g  2,& E i nhe i t e n .  H i e rb e i  lag d e r  S t r e u b e r e i c h  der Proben 

ztrj ischen 1, 4  und 3,4  E i n h e i t e n  und der-  Streuberich d e r  D a ten re i hen  

zw i s ch en  1,s und 4,2 E i nhe i t e n .  Der m i t t l e r e  F a rb ab s tand  bezagen  auf 

d i e  Ergebnisse  e i n e s  w i l i k i i r l i c h e n  R ~ fe r e n z l a b o r a t o r i um s  b e t r u g  nach  

M i t t e l u ng  über  s äm t l i c h e  D a ten re i hen  und sämtiicher Froben  3,6 

Einheiten m i t  einer S t r e u b e r e i c h  von 3,rJ b i 5  4 , 2  Ei nhe i ten  zwi s chen  

den Proben  und e i nem  Streubereich von Z 3 l  bi ç  5, 3 Eifiheitrsn  zwischen 

den  i ì a te n re i hen .  Die maximalen  Werte der SRFs zwischen den  

Datenreihen , v a r i i e r t e n  h e t r a c h t l i c h :  zwischen  1 i , 4  X und 33 , 6 X fu r  

d i e  Frcben.  Tro t z  d e r  r e l a t i v  s c h l e c h t e n  Ergebnisse v e r t r e t e n  die  

Mitglieder  decl K c m i t e e s  di e  Meinung,  dai3 biese  Ergebnisse  f ü r  den  

gegenwartigen  Stand  dieser fire var5 Messungen bezeichnend s i n d .  

Copyright International  Commission on I l lumination  

Full document details: CIE 76-1988

http://www.avadocuments.com/doc/cie-76-1988
http://www.avadocuments.com/doc/cie-76-1988


C I E  7b  i38 I  900bL45  0003379  265  W 

1  INTRODUCTION 

During t h e  quadrennium 1975-1979,  a Task Force  on 

Co l o r i me t r i c  Gspects  of Luminescence,  chaired by Fred W.  

Eillmeyer,  Jr, ,  within the  Luminescence Subcommittee o f  CIE 

Technical Cornmittee 2.3, Materials,  evaluated methods  for  

predicting th e  (total 1  spectral radiance  factors  ISRFs)  o# 

luminescent  specimens  under standard illuminants  f r o m  

measurements  of  the  specimens  made using sources  simulating 

those  illurninants.  Emphasis  w a s  pfaced an methods  using 

one-monochromator,  integrating-sphere spectrophotometers  

becauçe of  their  widespread availability,  fkcuracy  of  the  

prediction w a s  found  t o  depend primarily upcm the  closeness  

ci+ match  between t he  çimulatian source  and the  standard 

illuminant  and on the  accuracy with which the  spectral  power 

distribution i r rad i a t i n g  t h e  specimen w a s  knawn.  C h a i c e  

among several calculation methods  w a s  o+ secondary 

impartance.  The results  w e r e  drafted as  a CIE Technical 

Report,  but  by decision of the  CIE Ac-kian Committee,  thiç  

report  was  .. not  issued.  Instead,  the  results  w e r e  reported 

in t h e  literature El l .  

&tween  1979 and 1983,  th e  same  group  af participants,  

operating as  t h e  Subcommittee on Luminescence af TC 2.3,  

conducted  an international  intercomparison an  th e  

measurement af the  SRFç of  luminescent  specimens.  Six 

. .  

laboratories  i n  three  countries  participated,  but  the  

r e s u l t s  oi t w o  laboratories  w e r e  so far away from the  m e a n  

af t h e  athers  th a t  t hey  w e r e  no t  inrluded -In the  - fi na l  

r - @ s u l k s .  The  measurements  w e r e  comp l e ted  in 1481 (except  

1  
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for remeasurement  in  one labaratclry  in 1983)  but  the  

caicuiatian5  required w e r e  riot completed until d t e r  the  

299-3 CIE Session.  Thu5. ,  with  the  r e v i s i o n  of the  strut3xu-e 

of t h e  C IE ,  it  w a s  appropriate  to . F a rm  Technical Cammittee 

2-08 under t h e  5 a m ~  chairmanship to complete  the  

caìculations  and p rep are  t h e  pveçen t  Technical Report.  
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2 H ISTORICCIL  REVIEW 

2. 1  Nature of  th e  Problem 

There  are  t w o  kinds  of luminescent  materials  widely 

us ed  in industry,  differing only in the  lucatians  of their 

e x c i t a t i o n  and emiasian wav e l e n g tb  regions .  The first,  

which is mainly cansidered in this  report,  i c i  t h e  chromatic 

luminescent  materials  used far  safety and signai  applications.  

The5e materials  are  generally excited by abccnrption cs f  

radiation in t he  ultravialet  and short-wavelength visible  

regions,  and emit  in the  longer-wavelength visible  region.  

ThP  second type,  containing fluorescent  whitening a g e n t s  

( FWAs ) ,  absorbs  in  the  ultraviolet  and e m i t s  in the  

short-wavelength visible  region;  atherwise  the  two  typeci  are 

very si mi  I ar.  

The  m o s t  widely  used type  cif instrumentation for  

measuring specimens  of t h e s e  luminescent  materials  i 5  the  

one-monochrnmator cpectraphotometer,  inrith t h e  monachromatar 

in  the  viewing beam. The large  maj ority  of these  

instruments  i n  the  f i e l d  have  integratinq-sphere geometry.  

I t  is this  t y p e  of  instrument  t h a t  has b een  studied most 

intensively b y  the  c w n m i t t e e ,  

it might  be hoped t h a t  with t he  present  state of the  

ar t ,  measurements  with various  of these  instruments  would 

l e a d  t o  nearly identical  results,  but a study E 2 3  showed 

t h a t  t h i s  is . far f r o m  the  case.  For measurements  of a 

s i n g l e  specimen with =. even different  instruments,  all 5aid 

by  their  manufacturers  ta utilize  s imulators  o+ CIE standard 

i l i ~ , m i n a n +  Dasr val ues  of.  the  maxi mum  ÇRF cav e r ed  a rarige of:  

3 
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130 to  Zbû units  ( r e l a t i v e  t o  the  per.Sect reflecting 

diffuser at 100 unitci) .  Values  of luminescent  emission w e r e  

estimated to covEr a 4-to-1 range.  

Since  i t  is well known that  the  SRF of  a luminescent  

material depends  cm the  irradiance on th e  çpecimen,  and this  

in  turn depends  on the  nature  o+ the  instrument  source,  it 

is clear that  the  differences  reported resulted f r o m  

differences  in t he  t h e  spectral  power distributions  of  their 

I)&= simulators.  These  varied amang the  instruments,  

including continuous-operation xenon lamps,  filtered-xenon 

flashtubes,  mosaic-filtered incandescent  lamps  intended ta 

simulate  Das in both  the  ultraviolet  and visible regions,  

and . filtered incandescent  lamps  intended to simulate  Das in 

.  the  visible  region,  but deficient  in ultraviolet  power in 

compar i  son .  
Th is  state  of a-ff airs  stimulated the  committee' s  study 

of methods  f o r  calculating t he  SRFs of luminescent  materials  

under standard illuminants  from their measurements  under 

instrument  çaurceç.  B e f o r e  reviewing t h i s  study,  w e  consider 

instruments  further .  
2.2 Inetrument  Considerations  

2 I 2*  i Un  e-#un ochr omator  In  s trurert ts  

Use o+ a one-monochromator instrument  with the  

manochromatar in the  viewing beam is t h e  m o s t  direct  way to 

s imu late  the  appearance a+ a luminescent  specimen.  The eye 

sees the  toba1  rad i ance  * r o m  t h e  specimen,  the  sum of the  

re f lerted  and  fluoresced radiances.  To measure the  

corresponding  quantity,  t he  ( k o t a f)  radiance  +actor I t  is 

4 
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only ne c e s s a ry  t h a t  t h e  i r rad i anc e  on  t h e  specimen be  t h e  

same  as  t h a t  used i n  t h e  visual ab s e rv a t i a n ,  o r  t h a t  

s p e c i fi e d  in  th e  method t o  be  follDwed,  usually This  

irradiance i5 determined by the  i n s t rumen t  sou ~ ce ,  t he  

f i l t t z r i n g  that  makes t h e  s o u r c e  a Das s imu l a t o r ,  and any  

other  i n s t rumen t  tomponentç ,  such as  an  i n t e g r a t i n g  s p h e re ,  

that  compri s e  the  i r r a d i a t i n g  s ys tem.  I n  t h e  u s u a l  doub le-  

b e am  instrument,  t h e  r a d i a n c e  f r o m  t h e  s pec imen  is  compared  

t o  t h a t  f r o m  a f i xed  r e fe r e n c e ,  and by  means  of s u i t a b l e  

c a l i b r a t i o n ,  the  i n s t rumen t  measures  t h e  r a d i a n c e  f a c t c r .  

The monochromator i n  the  v iew ing  beam a l l o w s  wavelength-  

by-wavelength  a n a l y s i s  ta provide t h e  (total)  s p e c t r a l  

r a d i a n c e  +actor.  

I f ,  as  i n  s a m e  o l d er  i n s t rumen t s ,  the  monochromator is 

i n  t h e  i l l um i n a t i n g  beam,  the  specimen is i r r a d i a t e d  by  

monochromatic  l i g h t .  Th i s  does no t  correspond  to  the  u s u a l  

v i ew i n g  s i t u a t i o n  ,  but  p ro v i  des a useful q u a n t i t y  cal 1  ed 

here the  c onven t i o na l  r e fl e c t ome t e r  value C33.  The q u a n t i t y  

depends upcm t h e  s p e c t r a l  r e s p o n s i v i t y  of the  i n s t r ume n t  

measuring s y s t e m .  

It is well known t4 , 5 1  th a t  the  irradiance on  the  

specimen i 5  altered by the  i n t e g r a t i n g  s p h e re ,  i f  u s ed ,  and 

t h a t  the  r e s u i t i n g  i r r a d i a n c e  depends  on the s p e c t r a l  n a t u r e  

of the  specimen.  This r e s u l t s  from t h e  dependence  of the  

e f- fi c i ency  of the  s p h e r e  on  the  sizes and  r e fl e c t a n c e 5  o+ 

its  w a l l  and ports,  i n c l u d i n g  t h e  specimen po r t  C 6 , 7 3 .  

The use of b i d i r e c t i o n a l  geometry  14510 or the  

(usually)  equivalent  01 45)  e l i m i n a t e s  thic  effect  and 

5  
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g r e a t ïy  5implif ies t h e  measurement  of  luminescent  materials  

under  precisely specified canditiona.  Only recently,  

h awever ,  have bidirectional  spectrophotometers  became w id e l y  

avaiiabie,  and t he  vast  majority of one-monochromator 

instruments  in t he  field utilize  integrating spheres.  

2.2-2 Tw e - Ua o o c h r  omator  I n ç t r  urents 

Re+l ectance spectrophotometers  with t w o  monochromatari,  

one  each in the illuminating and viewing beams,  can  provide  

d e t a i l e d  infmrmatiwi  on t h e  excitation,  emi4i5i011,  and 

reflectance  spectra af  luminescent  materials.  Such 

inçtruments  can be considered modifications  of.  the  chemist' s  

spectro+luorimeters,  in  which the  geometry of illumination 

and viewing has  been a l t e r e d ,  usually ta bidirectional.  

Research instruments  of this  type  have  been described 

C8-133 ,  of varying  degrees  of sophistication,  and their 

perf ormance has  been reviewed C 1 4 ï .  

These instruments  da not  provide directly the  SRF,  but 

Donaldson C93 ,  in his  pioneering work,  said that  to obtain 

the  fluorescent  r a d i a n c e  f a c t o r  for heterochromatic 

radiation,  one simply adds  up t h e  emitted f l u x e s  fo r  each 

excitation wave l ength ,  weighted according to the corrected 

excitation for  the  desired illuminant.  This  is true  far a 

s i n g l e  f ïuorophor under normal conditions,  but the  ques t ion  

c r f  w h a t  happens  when there  are t w o  or  more  fluorophors  and 

there  is energy  trans+er b e tw e e n  them,  as  m a y  be the case 

f o r  the  chromatic luminescent  materials  considered in t h i s  

report  1 1 5 3 ,  ha5  no t  been s t u d i e d .  
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De s p i t e  t h i s  caveat,  t h e  two-mQnochromator method is 

u s u a l l y  c o n s i d e re d  t h e  r e fe r e e  method for the  de t e rm i n a t i o n  

of the p e r t i n e n t  l umine s c en t  q u a n t i t i e s .  The accuracy of  

t h e  data  de te rmined  w i t h  a one-monochromator s pec truphotam-  

&er is  l i k e l y  t o  be poorer than t h a t  f r o m  a two-monochromator 

i n s t rumen t ,  though the  d i ffe r e n c e  may b e  small.  

2.3 Calculation of SRFB undcar Standard Illuminantr 

The  c a l c u l a t i u n  of t h e  SRF of a l umine s c en t  s pec imen  

t h a t  would be o b ta i n e d  i f  it  w e r e  i r r a d i a t e d  by  a s t a n d a rd  

source,  from measurements  m a d e  by t h e  u5 e  of a s imu l a t o r  of 

t h a t  s o u rc e ,  would go f a r  t o  remove t h e  v a r i a b i l i t y  among 

i n s t r ume n t s ,  t o  i n s u r e  c o r r e l a t i o n  w i th  v i s u a l  o b s e r v a t i o n s ,  

and  to p ro v i d e  adequa te  tes ts  of  confurmance to colorimetric 

s p e c i + i c a t i o n s .  I t  w a s  for t h e s e  r e a s o n s  t h a t  t h e  c o m m i t t e e  

s t u d i e d  c a l c u l a t i o n  methods  between  1975 and 1979. The 

r e s u l t s  of  t h e s e  s t u d i e s  are  p rov ided  i n  t h e  l i te ra tu re  

K1,2,16J,  and are  summarized b r i e f l y  he re .  

The  b a s i s  f o r  t h e  c a ï c u l a t i o n  taethads  i 5  the  fo l l ow i ng .  

1. The f l u o r e s c e n t  and r e f l e c t e d  r a d i an c e  f a c t o r s  are f i r s t  

s e p a r a t e d ,  by methods  to &e described.  2. The i r r a d i a n c e  

an t h e  spec imen  i 5  de te rmined .  3. The fl u o r e s c e n t  r a d i a n c e  

fac tar  is modifi ed ,  a g a i n  by methods  to be de s c r i b e d ,  to 

correspond  to t h a t  which would have  been o b ta i n e d  if the  

s perimen  were i rradiated  by t h e  s t a n d a rd  source.  4.  The 

reflected r a d i a n c e  factor i 5  added to t h e  new fl u o r e s c e n t  

radiance  factar.  
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2-3. 1 S e p a r a t i o n  o f Fluorescent  a n d  RefIected 

Radia n c e  factors 

Four methods  were s t u d i e d  C 1 7 3  for  c a r r y i n g  out t h i s  

separation:  

1 .  The "Two-Mode Method"  E 1 8 1  u5es measurements  o+ t h e  

( t a t a l l  SRF a t  wave l eng ths  shorter  t h an  the  l o w e r  l i m i t  of  

em i s s i o n ,  a t  wh i ch  it  is  equal  t o  t h e  r e f l e c t e d  r a d i an c e  

f a c t o r  and  measurements  of t h e  c onven t i o na l  ref lectometer 

v a l u e  a t  wave l eng ths  l o n g e r  t h a n  t h e  upper l i m i t  of 

e x c i t a t i o n , ' a t  which where it i 5  equa l  to t h e  reflec ted  

r ad i an c e  factor.  But t h e r e  is an " over1ap"  r e g i o n  t h a t  may 

be as  wide  as  40-1 20 nm between  t h e s e  two f o r  c h romat i c  

l umine s c en t  p a i n t s ,  p l a s t i c s ,  and t e x t i l e s ,  i n  which b o th  

.  e x c i t a t i o n  and emi s s i o n  take  p l ac e .  I n  t h i s  r e g i o n  the  

measured quantities  are ïarger t h an  the  t r u e  r e f l e c t e d  

r a d i an c e  factor o ft e n  by s u b s t a n t i a l  amounts .  T h i s  method 

has  l a rg e r  errors  t h a n  the  a l t e r n a t i v e s ,  and  is n o t  

recommended fl fl .  

2. I n  t h e  "Filter-Reduction"  m e t h o d  C 1 9 3 ,  t h e  SRF is 

meaj ured  w i th  a source  s u c c e s s i v e l y  altered by a series  of  

s h a r p  s ho rt-wave leng th  cuto+f f ilterci.  Wi th i n  t h e  overl ap  

region,  t h e  amount of  e x c i t a t i o n  is reduc ed  but  n o t  

e l im i n a t e d ,  and t he  r e f l e c t e d  r a d i an c e  f a c t o r  p r e d i c t e d  is 

still  too  high,  bu t  t h e  errors  are not ! serious for 

r e l a t i v e l y  weak f luorescer-s.  

3. I n  t h e  " Fluorescence-Weakening"  method C 2 0 , 2 1 1  t h e  

specimen is i r r a d i a t e d  s u c c e s s i v e l y  by t w o  d i . ffe r e n t  

sources,  f o r  which t h e  ratio of  t he  i r r a d i a n c e s  is  known. 

Copyright International  Commission on I l lumination  

Full document details: CIE 76-1988

http://www.avadocuments.com/doc/cie-76-1988
http://www.avadocuments.com/doc/cie-76-1988


C I E  76 88  I  900bL45  0003382  351  

With the  aid o f  a single  calibration measurement,  the  

reflected radiance  factor can be calculated.  This  method 

requires  a rather large  amount  of lumineçcence  for  accuracy,  

but  it is the  methad of  choice  fo r  highly luminescent  

specimens  in the  absence of two-monochromator measurements.  

4.  The  " Two-Monochromator"  method is the  m o s t  accurate  

f o r  separating the  re f l ec ted  radiance  factor from the  total  

SRF. 

2-3-2  Weasurement o f  t he  Irradiance  on the 

Specimen 

Difficulties  in measuring the  spectral  irradiance  at 

t h e  specimen plane  are not trivial,  and require  the  use  of  

an accurate  ~ipectrclradiometer,  equipment  not found in  most  

industrial  laboratories.  If  bidirectional  geometry is used,  

the  measurements  are sensitive  to  small changes  in geometry 

and t o  specimen surface  irregularities.  In any case,  t he  

accurate  calibration of the  spectroradiometer,  especially at 

short  wavelengths,  i 5  difficult.  

I f  integrating-sphere geometry is used,  th e  measurement  

pro6lem i 5  alleviated by  the  averaging properties  of the  

sphere,  but the  measurement  must  be  repeated for  each 

specimen,  or ,  alternatively,  the  spectral  efficiency o+ the 

sphere  may be  calculated each time  f r o m  the  measured 

reflectance5  af the  sphere  wall and the ports  C4,73 .  

2-3*. 3  Calcuiation o f  t h e  #odifieú fluorescent  

Radiance Factor 

Several  methods  have been proposed  and studied C1 , 2 , 1 6 3  

f m-  the  desired calculation.  Each  utilizes  t he  SRF # 3 ~ . 1 ( X )  

9 
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of the  specimen  irradiated  by rwrce 1  of  s p e c t r a l  i r r a d i a n c e  

Sr (11,  t h e  r e l a t i v e  number NI of quan ta  absorbed and 

c onve rted  t o  l umine s c enc e  under  source 1 ,  and  the  r e l a t i v e  

number Nz of  quan ta  s i m i l a r l y  absorbed and conve rted  by the  

s pec imen  under  source 2,  w i t h  s p e c t r a l  i r r a d i a n c e  S= (X ) ,  t o  

c a l c u l a t e  Br, =(X)  by the  fo l l ow i ng  e qu a t i o n  C1 . 93:  

wh e r e  Bl(X)  i 5  t h e  reflected rad i an c e  factor  and  ~ L . ~ ( X )  is 

t h e  f l u w e s c e n t  r a d i a n c e  factor  under s o u r c e  1. Values  of N 

are c a l c u l a t e d  f r o m  t h e  e qu a t i o n  

where X is  t h e  (corrected)  e x c i t a t i o n  s p ec trum,  a d j u s t e d  to 

co rre s pond  t o  equal  photon i n c i d e n c e  a t  al l  e x c i t a t i cm  

wavelengths .  H e r e  t h e  s u b s c r i p t  q i 5  us ed  to d e s i g n a t e  

quantum u n i t s ,  and  t h e  s u b s c r i p t  e to d e s i g n a t e  power u n i t s .  

The  various  c a l c u l a t i o n  methods  d i ffe r  o n l y  i n  t h e  

means  o f- e v a l u a t i n g  N by d i i f e r e n t  ap p rox imat i ons .  They are 

t h e  fo l l ow ing :  

1 . .  Method of E i t l e  and  Ganz C1 93 ,  i n  which  N t X )  is 

c a l c u l a t e d  by  

w h e r e  the  t e r m  i n  brackets  is t h e  ab s o rp tanc e  and  c \(X ' )  is a 

factor  de te rmined  by means  of a Kubelka-Hunk a n a l y s i s  t h a t  

is no t  a lway s  app l i c ab l e  and  r e q u i r e s  s e v e r a l  a s s ump t i ens  

C22,233.  For th e s e  and other  r e a s o n s  t h i s  method was no t  

10 
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considered fu rther  in the  committee' s  study.  

2. Method using X from a two-monochromator instrument  

in place of the  product  ci+ the  absorptance and A t h ' ) .  This  

information is likely t o  be the  most  accurate available,  and 

its use should provide  the  best approximation t o  the  true  

va lues  of  N. 

3. Method of Alman and Billmeyer C2 2 3 ,  in which X i 5  

calculated f r o m  measurements  of the SRF and the  conventional  

ref lectometer value  obtained by use  of a one-monochromator 

i n st  r umen t  .  
4. Method of  Allen and Sanders  1 23,241 ,  in which the  

absorptance is retained but A ( X ' )  is set  equal to a constant  

over the  excitation wavelength range.  

5.  Method of Grum and Costa C 2 5 3 ,  in which it is 

assumed that  the  product  of  the  absorptance  and & ( A ' )  is 

constant  aver the  excitation wavelength range.  This  i 5  the 

simplest  Q f  the  approximate  calculation methods.  

Finally,  after the  modified fluorescent  radiance  +actor  

is calculated by one  of these  methods,  the desired SRF is 

obtained by adding to it the  reflected radiance  factor- .  

Much of the  material  in Section 2  up t o  this  point  w a s  

taken f r o m  re f  -  26. 
2.4 Mher DevslPpmentr 

The -following publications  are of interest  in relation 

to  the  work of the  committee.  The  list i5 not implied t o  be 

complete.  

Publication C IE  Ho,  51 E 2 7 3  provides  a method for 

evaluating the  suitability of a test  source as  a s imulator  

i 1  

Copyright International  Commission on I l lumination  

Full document details: CIE 76-1988

http://www.avadocuments.com/doc/cie-76-1988
http://www.avadocuments.com/doc/cie-76-1988


CI E  76 88  I  900bL45  0003385  Ob0 

of CIE standard illuminant  il=-, Dasr or D7-. For each of 

these  three  standard illurninants,  SRF data are supplied fo r  

f i v e  pa i r s  of  non+luoreacent  samples  that  are metameric 

matches.  The colorimetric differences  are  computed fo r  the  

test  illuminant;  the  average  of these  differences  i 5  taken  

as  the  Visible Range  Metamerism I n d ex3  and t his  is used as  a 

measure  of  t h e  quality o+ the  test  illuminant  as  a simulator 

fo r  non+luorescent  samples.  For fluorescent  samples,  t he  

quality is further asse5sed in  terms  o+ an Ultraviolet  Range  

Metamerism Index;  t his  consists  of the  average of  the  

colorimetric di+ferences  computed with t he  test illuminant  

+or three  further pairr of samples,  each pair consisting o+ 

a fluorescent  and a nonfluwescent  sample that  are a 

metameric match under the standard illuminant.  

Chong and Billrneyer f16,281 studied by visual methods  

the  accuracy of several  methods  of assessing the  perf ormance  

of daylight  simulators,  including that  used in the above  CIE 

repart.  Four methods  based on colorimetric weighting gave  

significantly better correlations  than one based on  

radiometric weighting,  with little  choice  among them; the  

CIELAB color-diffErence equation was  preferred t o  CIELUV;  

.  and the  choice  of 2" or 1 0" standard observer had na e.ffect.  

Grum  C 2 9 J  discussed fluorescent  standards,  describing 

t he  requirements  on materials  that  should be  met,  t he  

reasons  why such s tandards  are needed and by whom ,  and t he  

optical  materials  considered by the  CIE and the  ISCC.  

C l a rke  and McKinnon C 3 0 3  described a proposed new 

interior daylight  illuminant  representing the  type  of; 

1 2 
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daylight  m o s t  commonly used in the critical  assessment  o+ 

colors  and that  can  be m w e  easily s imulated  than Dasi and 

showed that  it can be used validly fw  the  measurement  Qf 

f 1  ucirescen t  m a t e r  i al P. 

Billmeyer and Hepiinqer C 1 5 3  studied energy trans+er 

between  +luorophors  in chromatic luminescent  materials  of 

t h e  type  used i n  the  intercomparison described in this  

repart,  showing that  such energy transfer does  take place  

among the  -fluorophors,  but not  between t h e m  and titanium 

dioxide- A shift  in wavelength of the  emission peak with 

change  in specimen thickness  wa 5  attributed t o  reabsorption  

and reemission within the  overlap  region.  

Minato,  Nanjo,  and Nayatani  C3 1 3  described errors 

caused by instrument  polarization in the  two-monochromator 

measurement  of luminescent  specimens.  In general  these  

errors can be  expected t o  be  less than 1  C I E i U V  unit,  

Chen and Billmeyer E32 3  described and tested an 

ad j us tment  method f o r  measuring luminescent  specimens,  

originally proposed by Blaise  C333.  Special  instrument  

reqÙirementei and the  complexity and length of the  procedure  

are s erious  disadvantages.  

Chen and Billmeyer C341  proposed a method for measuring 

l um ine s cen t  specimens  in an integrating-sphere spectrophotom- 

eter using a compensation filter designed to provide t he  

desi red  spectral  irradiance  on the  specimen.  In a 

preliminary t e s t  they shawed that  even a very  rouqh 

approximatimn to  the  desired filter gave  encouraging 

results.  

13 
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Minato,  Nanjo,  and Nayatani  C l 4 3  presented an in-depth 

study  of  colorimetric measurement  of  luminescent  materials  

and its  accuracy by using t he  two-monochromator method.  

Grum E 3 5 3  wrote the  chapter " Colorimetry of Fluorescent  

Materials"  in Vol.  2,  Gozar ffeasurerent,  of  his  series  orb 

Optical Radiation ifeasurements.  Much of the  material  in the  

unissued C I E  Technical  Report  prepared by the  committee  w a s  

quoted at length,  but without  attribution.  

Mielenz  E 3 6 3  edited Vo l .  3,  Hea5u re rrn t  of Photo -  

luminescence,  in  the  series  Up t i c a i l  Radiation tfeasurerents.  

Much o+ the  book  concerns measurement  of luminescent  

solutions  rather than reflecting specimens- 

In a paper in Japanese,  Minato,  Nanjo,  and Nayatani  

.  studied t he  accuracy of " the  CIE  proposed method f o r  

colorimetry in fluorescent  materials"  1373,  re+errinq to the 

work of this  committee.  They derived methods  fo r  estimating 

t he  accuracy of the  one-monochromator method relative  t o  the  

two-monochromator method,  +or the  case nf 45/0 geometry,  and 

showed that  the  anc-monochromator method was capable  of 

estlmating total  SRFs to within lY.,  corresponding to las s  

than 1  CIELUV unit.  B u t  in the  overlap region,  errors could 

be  a5  high as  2-4X,  and the  error of  the  fluorescent 

radiant efficiency was  also  signi+icant.  

The  s am e  authors  also  published E383  t i n  Japanese) a 

study of relative  spectral  integrating-sphere  efficiency fo r  

the  measurement  of  fluorescent  materials,  comparing the  

quantity calculated by integrating-sphere  theory to th at  

determined by measurement  af the  irradiance  at the  specimen 

14 
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part.  Color differences  were less  than 1.6 GIELUV unit.  

The American Caciety for  Testing and Materials  (ASTH) 

issued a S ta n da rd  Pra c t i c e  fu r  Ca lm  #easu reren t  o f  

Flu o re s c e n t  Specimens,  CICTM Designation E 991-84 C391 . Th i s  

s h o r t  document  i 5  based on the  methods  outlined in  this  

report .  It requires  th a t  the  measurement  be made with a 

451 0 (o r  ûi’ 45)  spectruphatometer in which the  specimen is 

d i r e c t l y  illuminated by  a Dais simulator meeting the  source 

conformance  factor requirement  o f  this  report;  t h i s  i 5  

stated ta be  equivalent  to a rating not worse than BC (CIELAB)  

r e l a t i v e  to  Das as  determined by Publication CI€ No.  51 C273.  

I f  these criteria are not  m e t -  the  user is referred  to the  

literature for correction methods. The  w i g i n  o+ the  source 

conformance factor is given E4ûï.  

A m o r e  extensive  Recorrended Practice  for #e th od of 

#ea s u re ren t  fo r  Color o f  Fluorescent Ob je c t s  1 4 1 3  has been 

prepared  by the C o l o r  Science  Associatim c3f Japan.  The  

basic or principal  method involves  spectrophotometric 

measurement  with an  instrument  utilizing 45/0  or 0145 

geometry and direct  illumination by  a Japanese Industrial  

Standard Z  8902 xenon source t o  obtain t h e  spectral  total  

radiance  factor.  Subsequently one of three ( subwdinate )  

methods can be  used to obtain the  spectral  reflected 

radiance  factor and apply the  necessary correct i ons  +oc the  

d e s i r e d  resul t5:  They are t h e  t wo -m o d e ,  the  fluorescence- 

weakening,  and t he  t w o - m m o c h r o m a t Q r  methods.  

A Drafting Committee  of T e n t a t i v e  Method of Colorimetry 

for Fluarescent  Obj ec ts  a+ the Co l o r  Science  Cls s c~ ia t i on  of 
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Japan,  chaired by  L.  Mori,  carr i ed  out an intercPcnparioon 

ve ry  similar ta that  described i n  t h i s  report C423 .  Aln rPst  

identical results  w e r e  obtained;  they are discussed below.  

Finally,  th ree  papers  dealing with fluorescence w e r e  

presented a t  the  1985 A i C  Congress held i n  Monaco, June,  

1985 C43-453, 

. .  
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