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Spectrometry and Quantum Efficiencies 
in Relation to Slow Neutrón Counting
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Comisión N acional de Energía Atóm ica, Buenos Aires, A rgentina

(F irst received 27 December 1963 and in f in a l form  25 February 1964)

Som e new borazole derivatives and borazarenes for w hich we predicted lum inescent proper- 
ties, w ere p repared  and fluorescence spectra and quantum  yield  w ith  u .v. excitation were 
obtained, as a p re lim inary  study for their use as slow neutrón scintillation detectors. C ounting  
experim ents w ith  slow neutrons are in progress w ith  satisfactory results.

B O R A Z A R E N E S ET B O R A Z O L E S. SP E C 'l'R O M E T R IE  A  F L U O R E SC E N C E  
ET E F F IC A C IT E S DE Q U A N T U M  EN R A P P O R T  A U  C O M P T A G E  

DES N E U T R O N S LE N TS

O n a p rep aré  quelques nouveaux derives de borazole et des borazarenes pour lesquels 
on avait prédit des propriétés luminescentes, et on en a obtenu les spectres de fluorescence 
et le rendem ent de quantum  sous excitation u.-v. com m e étude pré lim inaire á leur em ploi 
com m e détecteurs de scintillation des neutrons lents. O n est au cours des expériences de 
com ptage avec les neutrons lents, dont les résultats donnent satisfaction.
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B O R O Z AR E N E N  U N D  B O R O Z O L E N . F L U O R E SZ E N Z SP E K T R O M E T R IE  U N I)
Q U A N T E N A U SB E U T E  IN Z U SA M M E N H A N G  M IT  Z Á H LU N G  

L A N G SA M E R  N EU TRO N EN

Einige neue B orazolderivate und B orazarenen, fü r  die w ir Lum ineszenzeigenschaften  
voraussagten, w urden hergestellt und ihre Fluoreszenzspektra sowie Q uantenausbeute bei 
U .V . Anregung festgestellt, ais vorausgehendes Studium  über ihren G ebrauch ais Szintilla- 
tionsdetktoren fü r langsam e N eutronen. Laufende Záhlungsversuche m it langsam en  
N eutronen liefern befriedigende Ergebnisse.

1. IN T R O D U C T IO N  com pound w hich  m a y  include bo th  a high
M a n y  d iffe ren t m ixtures an d  a few  solid boron  con ten t and  the p ro p erty  o f  fluorescence  
com pounds h ave  been proposed b y  severa l ev id en tly  has m a n y  ad van tag es o ver a ll o th er  
au th o rs  to be used in sc in tilla tion  counters fo r systems, reg ard in g  th e ir p rep ara tio n , p u rifica tion  
slow  neu trón  detectors. T he use o f a single and  efficiency.
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T ypes o f  com pounds fo r w h ich  w e pred icted  
an d  p ro ved  these ch aracteristics a re  borazo le  
d erivatives. T h ey  a re  soluble in  organ ic  
solvents (w hich a llow s th e ir use as liqu id  
scintillators) an d  h ave  re la tiv e ly  lo w  gam m a  
response an d  sm all d ecay tim e. S eve ra l 
com pounds o f  this type h ave  been prepared* 1,2) 
a n d  som e p re lim in a ry  m easurem ents con- 
cern in g  th e ir liuorescence an d  slovv neu trón  
cou nting  ch aracteristics h a ve  been p a rtia lly  
rep o rted  b y  the present authors.

W h en  ou r experim en ts w ith  borazoles w ere  
in  progress a series o f  com pounds being  
p re p a re d ®  w ere  rep o rted . T hese com pounds, 
n am ed  g en erica lly  b orazarenes, also present 
as borazoles, h ave  a  m ark ed  a ro m a tic  ch ar-  
a c te r  an d  an  ad eq u ate  b oron  con ten t. T h ey  
a re  also v e ry  ch em ica lly  stab le . H ow ever  
no m ention  w as m ade o f  th e ir  fluorescence  
b eh av io u r an d  as w e considered this p ro p e rty  
h ig h ly  p ro b a b le , som e typ ica l com pounds o f  
this kind w ere  p rep ared  an d  specia lly  pu rified  
to investigate it, w ith  a v iew  to th e ir use as 
slow  neu trón  scin tillators.

T h e  fluorescence study7 o f  borazo les and  
b orazarenes rep o rted  here includes the  deter- 
m in ation  o f  em ission spectra  a n d  q u an tu m  
yie ld , fo llow ing  fo r the la tte r  a sim ple techn ique  
developed  in  this la b o ra to ry , w ith  D r. G v. 
G e rg e ly ’s co llab ora tion . *

The results ob ta in ed  suggested th a t these 
com pounds a re  su itab le  as phosphors fo r slow  
n eu trón  scin tilla tion  counters a n d  the results  
o f  p re lim in a ry  tests a re  g iven.

2. E X P E R IM E N T A L
(i) Preparations

(a) N - t r im e th y l- B - t r i -  (d iphenyl) b o razo le ; 
N - tr im eth y l - B - tr i - a  - n a p h th y lb o ra z o le ; N - 
tr ip h en y l - B - tr i(d ip h en y l)b o ra zo le  a n d  N -  
tr im eth y l - B - tri(/> - terph enyl) borazo le , w ere  
prep ared *1 ^ b y  reaction  o f  the correspondin g  
B -tric lilo ro b orazo le  d eriva tives  w ith  o rg ano- 
lith iu m  com pounds, in  e th y l e th er m edia. 
L ith iu m  salts w ere  sep arated  b y  trea tm en t  
w ith  benzene an d  the borazoles w ere  crysta llized  
from  benzene/petroleum  e th er solutions. T h ey  
w ere  iden tified  b y  e lem en ta l analysis, in fra -red

* U N E SC O ; on leave from  the R esearch In- 
stitute for Telecom m unications, Budapest, H ungary.

spectra  an d  b y  the expected  p rep ara tive  
reactions.

(b) T h e  borazarenes, 2 ,1  -b o ra z a ro n a p h ta le n e ; 
2 -m e th y l-2 ,l-b o ra z a ro n a p h ta le n e  an d  b is-(2,1 - 
b o raza ro -2 -n a p h th y l)  e th er, w ere  p rep ared  
w ith  the techn ique o f  D e w a r  et íz/.*4 ,5 ) and  
iden tified  b y th e ir m eltin g  po in t, m olecu lar 
w eig ht an d  in fra -red  spectra  w h ich  had  been  
p a rtia lly  published b y them . T h e  results  
ob tain ed  agree  w ith  the above-m entioned  
works.

3. P U R I F I C A T I O N S
(i) B is-2 ,l-b o ra z a ro -2 -n a p h th y l e th er was 

crysta llized  from  ligh t petro leu m  e th er (b.p. 
6 0 -8 0 ° C ) ,  redissolved in  the sam e solvent, 
trea ted  w ith  a c tiva ted  ch arcoa l, an d  ch ro m a-  
tog rap h ed  th ro u g h  a c tiva ted  a lu m in a , e lu ting  
w ith  a m ix tu re  o f  e th y l e th er an d  ligh t p etro leu m  
eth er. I t  w'as aga in  recrysta llized  from  ligh t  
petro leu m  e th er (colourless plates m .p. 19 9 — 
20 0 °C ).

(ii) 2 -M e th y l-2 , 1-b o ra zaro n a p h ta len e  w as  
ch ro m ato g rap h ed  o v e r ac tiva ted  a lu m in a  e lu ting  
w ith  ligh t petro leu m  eth er, an d  it w as c rys ta l­
lized from  n-pentane. I t w as sub lim ated  u n d er  
vacu u m  (10~ 2 m m H g ) a t 7 0 -7 5 ° C  (colourless  
plates m .p. 7 3 -7 4 ° C ) .

(iii) 2 , 1 -B o ra zaro n a p h ta len e : it w as ch ro ­
m atog rap h ed  o v e r a c tiva ted  a lu m in a  using  
ligh t p etro leu m  e th er as e luen t. I t  w as vacu u m  
sublim ed tw ice (10~ 2 m m  Hg) a t 75°C  (co lour­
less plates m .p. 1 0 0 - 1 0 1 ° C ) .

(iv) B orazo le d eriva tives  w'ere recrysta llized  
from  eth y l e th er o r m ixtures o f  benzene/ 
p etro leu m  e th er a fte r trea tm en t w ith  activa ted  
a lu m in a  o r ch arcoa l. A ll  op erations w ere  
c a rried  ou t using d ry  solvents an d  in  a d ry  closed 
a p p ara tu s. T he crystals  w ere  heated  in  a 
vacu u m  sub lim ato r to sep arate  a n y  sub lim able  
m ateria ls. F in a lly , w h ite  crystals  w ere  o b ta in e d : 
N -trim eth y l-B -tri (d iphenyl) bo razo le , m .p. 2 2 2 -  
2 2 3 ° C ; N -trim eth y l-B -tri-a -n a p h th y l borazo le, 
m .p. 2 9 1 - 2 9 2 ° G ;  N -trip h en y l-B -tri(d ip h en yl)  
borazo le , m .p. 3 0 1 - 3 0 2 ° C  an d  N -trim eth yl-B - 
tri(/> -ter-phenyl)borazole, m .p . 2 5 5 -2 5 6 ° C .

4. E M IS S IO N  S P E C T R A

(i) Experim ental equipment and method o f  measurement

F rom  the u .v . absorp tion  spectra  o f  b o razo le  
d eriv a tiv es121 an d  borazarenes*41 it w as found
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th a t con ven ien t lines fo r exc ita tion  w ere  the  
253-7  an d  3 13 -0  fro m  the m ercu ry  
em ission. A  K ip p -Z o n n e n  q u artz  m ono- 
c h ro m ato r w as used to select the 253-7  line  
from  a low -pressu re m ercu ry  lam p , w h ich  was 
then  used to excite  the fluorescence.

T h e  fluorescence was analysed  w ith  a Beckm an  
m odel D U  spectrop hotom eter, w ith  the spectra l 
fluorescence attach m en t.

W h en  a M g O  screen w as p laced  in the sam ple  
h o ld er no m e rc u ry  lines o th er th an  th a t a t 
253-7  m/u w as detected  w o rk in g  w ith  m áxim um  
sensitiv ity  o f  the p h otom u ltip lie r.

T he sam ple crystals  w ere  g rou n d  in an agate  
m o rta r  an d  com pressed g en tly  in to  a hole  
3 m m  dia. an d  2 m m  deep b ored  in to  a m a tt  
black  brass b lock  w ith  the  sam e dim ensions as a  
stan d ard  B eckm an rec ta n g u la r cell o f  1 cm  path .

(ii) C alibrations

T h e spectra l sensitivity  o f  the instru m en t was 
d eterm in ed  b y  tw o m ethods:

(a) A  ca lib ra ted  tungsten lam p  (2 8 0 0 °K )  
w as used in the ran g e  3 4 0 -6 0 0  m/u. T he emission  
va lúes for the b lack  b o dy w ere  taken fro m  the  
tables b y  M o o n <6), an d  the tungsten em issivity  
w as taken from  the de V os valúes*7).

(b) In the second m ethod the spectra l sen­
sitiv ity  o f  the 1 P 28  p h o to m u ltip lie r w as ob- 
ta ined  m easuring  its response to the lig h t from  
a hyd rogen  d ischarge lam p  (L ) .  S im ila r  
m easurem ents (L 0) w ere  m ade interposing  a  
fluorescent in teg ra tin g  screen in  the beam . 
T he ra tio  L /L 0 gives the spectra l sensitivity  
o f  the detecto r.

1 -D im eth y l am in on ap h ta len e  - 5 - su lphonic  
acid  2 X 1 0 - 2 M  solution  in N aO H  IN (2 4 0 -  
3 7 0  m//) ; (8~10) an th racen e  m icrocrysta ls  1-6 
mg/cm2 ( 2 4 0 -3 5 0  in ^ ) 1111; sodium  sa licy late  
m icrocrysta ls  2 mg/cm2 ( 2 4 0 -3 4 0  m ^ ) ;<1X) an d  
R h od am in e  B 5 X 10 -3  m o la r solution  in  
e th y len e  g lyco l ( 3 4 0 -5 9 0  m lM),(8-9) w ere  used  
as fluorescent in teg ra tin g  screens.

T he d a ta  ob ta in ed  w ith  the d iffe ren t screens 
agree w ith  each o th e r as w ell as w ith  those found  
b y  o th e r au th o rs  fo r this typ e  o fp h o to tu b e s .(8,12)

T hese d eterm in ations w ere  rep ea ted  w ith  
the m ost p ro m in en t lines o f  a m ercu ry  lam p  in  
the rang e 2 5 0 -5 5 0  m/u w ith  consistent results.

T he spectra l sensitivity  cu rve  o f  the instru- 
m ents was ob ta in ed  b y  m u ltip ly in g  the spectra l

sensitivity  o f  the d etecto r b y  the b an d w id th  
o f  the m o n och ro m ato r, g iven  b y  the m anu- 
fa c tu re r. In  the  o verlap p in g  zones, these va lúes  
ag ree  w ith in  5 p er cen t o r  less w ith  those 
ob tain ed  b y  the tungsten lam p  m ethod  (Fig. 1).

rn^i 

Fig. 1.
Instrum ent sen sitiv ity : X - X - X - .  
Photom ultip lier sensitivity: o - o -o - o - .

(iii) Fluorescence spectra

M easurem en ts w ere  m ade e ve ry  5m / í and  
the va lúes, co rrected  p o in t b y  p o in t w ith  the  
spectra l sensitiv ity  cu rve  o f  the instrum ent, 
a re  Figs. 2, 3 an d  4.

5 . A B S O L U T E  Q U A N T U M  Y IE L D
(i) Experim ental equipment

A  Beckm an D U  spectrop hoto m eter w as used  
as show n in Fig. 5.

T h e  253-7  m ju  and  3 13 -0  m ¡u lines from  a low - 
pressure m ercu ry  lam p , selected w ith  the  
m on och ro m ato r, w ere  used as exciting  rad ia tion . 
T h e exit s lit beam  w as co llim ated  to ob tain  
an  illu m in a ted  a rea  o f  ab ou t 5 m m 2 on  the  
sam ple, p rep ared  as before.

(ii) Princip ies o f  the method

T h e absolu te q u an tu m  y ie ld  w as ca lcu la ted  
from  th e  ra tio  betw een  the sam ple response 
an d  the M g O  screen response, tak ing  accoun t 
o f: (a) spectra l sensitivity  o f  the  detecto r,
(b) re flection  coeflicient o f  the sam ple fo r the  
exciting  ra d ia tio n , (c) absolute reflection  o f
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Fig . 2. Fluorescence emission spectra. 
E xcitation : 253-7 m/u.
H a lf b a n d w id th : 2 m/i a t 350 m//.
N ap h ta len e: ------------ .
B is-2 ,l-b orazaro-2-n ap h thy l e th e r --------

Fio. 3. Fluorescence emission spectra. 
E xcitation : 253-7 m//.
H a lf ban dw id th : 2 m/¿ a t 350 m/<.
2-M eth y l-2 ,1 -b o razaro n ap h ta len e----------
2,1 B o razaron ap h ta len e---------- .

the M g O  an d  (d) a n g u la r d istribu tion  o f  the  
em itted  rad ia tion .

(a) Spectral sensitiv ity . T h e  co rrectio n  for 
spectra l sensitivity  o f  the detecto r is negligib le  
because th a t o f  the  p h o to m u ltip lie r is n ea rly  
con stan t in  the rang e o f  spectra l em ission o f  
the substances, an d  d iffers little  from  the  
spectra l sensitivity  o f  th e  exciting  rad ia tio n  
(see Fig. 1).

(b) Reflection o f  exciting rad iation . T h e  re ­
flection  coeflicient o f  the sam ples fo r the  
exciting  ra d ia tio n  w as ob tain ed  from  the

Fig . 4. Fluorescence emission spectra.

E xcitation : 253-7 m/t.
H a lf b an d w id th : 2 m/t a t 350 m/i.
B -tri- (diphenyl) -N -trim eth ylb orazo le : 

x - x - x - x - .
B-tri- (a-naphthyl) -N -trim eth ylb orazole : 

o—o—o—o—.
B-tri- (diphenyl) -N -phenylborazo le:

detecto r responses w ith  a  M g O  screen (/-„,), 
w ith  a sam ple ( L J  a n d  wüth a com m on glass 
filte r in terposed  betw een  sam ple an d  d etecto r 
to cut o f f  the  exciting  ra d ia tio n  (L b).

T his p ro ced u re  requ ires know ledge o f  the  
transm ission o f  the glass filte r T  since it stopped  
som e o f  the em itted  fluorescence. T he thick- 
ness o f  this íilte r was 1-5 m m  fo r 253-7  m f i  and
6 m m  for 3 13 -0  m/u.

L et p  be the  absolu te reflection  coeflicient o f  
the M g O  an d  q the re la tiv e  n u m ber o f  em itted
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Fio. 5. Equipm ent used in quantum  yield determ inations.

(a) M ercury lam p. (c) Filter.
(b) Sam ple. (d) Photom ultiplier.

T a b l e  1

Excita tion
253-7 m/« 313 m/í

2 ,1 -B orazaronaphtalene 0 1 5 ____

2-M e th y l-2 ,1 -borazaronaphtalene 0-31 0-33
Bis 2 ,l-b o razaro -2 -n ap h th y l ether 0-30 0-32
B -tri-(diphenyl)-N -trim ethylborazole 0-50 0-47
B -tri-(d ip h en yl)-N -triphenylborazole 0-33 0-32
B -tri-a-naphthyl-N -trim ethylborazole 0-33 0-34
W illem ite 0-69 —

pliotons ío r each w ave len g lh , then  the re llec tio n  
coeílic ien t o f  the sam ple w ill be:

=  J L \ t _  t d ? í  '
7 L m b f jq(Á) d?._

(c) Rejlection by M g O . T he absolute re- 
flection coeílic ient o f  the M g O  scrcen a t the  
excita ting  w ave len g th  w as determ in ed  by  
com p arin g  the p h o to m u ltip lie r responses to 
som e d iffe ren t m ercu ry  lines before an d  a fte r  
re llec tio n  using the v a lu é  o f  0 -97  fo r the 435 -8  
m/j, lin e<13). W e  found reflection  coefficients o f  
0 -8 0  a t 253 -7  m/u an d  0 -94  a t 3 13 -0  m ¡u  fo r the  
M g O  used.

(d) A ngular distribution. W e  assum e an  a n g u lar  
fluorescence d istribu tion  s im ila r to th a t o f  the  
exciting  ra d ia tio n  dispersed b y  the M g O . 
T his condition  w as show n fo r m a n y  fluorescent 
substances.

From  the above d a ta  w e can ca lcú la te  the  
absolute q u an tu m  y ie ld  w ith  the fo llow ing

fo rm u la

f  g f f l r f f l d /  
p -b )  q{?.)r{X )Sa{X) áA C q{A) á{A)

^  - 1 -  r  K ,  J  q(X)r{?.) d k  '

S(io

In  o rd e r to check this p ro ced u re , the q u an tu m  
yie ld  o f  a w illem ite  sam ple w as ob tain ed . 
T he results agreed  w ith  those ob ta in ed  b y  
o th e r a u th o rs .(14,15) T h e  s tan d ard  dev iatio n  
w as 1 -2 per cen t fo r a series o f  10  d eterm in ations. 
T h e e rro rs  in  the d eterm in ations w as estim ated  
as 10 p er cent m ain  sources o f  u n ce rta in ty  in  
the ca lib ra tio n  o f  the spectra l response o f  the  
p h o to m u ltip lie r an d  the M g O  reflection  co- 
efficient.

T h e  results a re  show n in T a b le  1.

6. C O U N T IN G  E X P E R IM E N T S
Som e o f  the b o razo le  d eriva tives  w ere  tested  

in  so lu tion (2) an d  in  solid State (th in  film ) as
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phosphors in  a con ven tio n a l cou nting  equ ip- 
inen t w ith  slowr n eu trons fro m  a m od era ted  
R a  Be source, an d  from  a n u c lea r c ritica l 
la c ility  (enriched  u ran iu m / n atu ra l w a te r  and  
g ra p h ite ) .

T h e  p re lim in a ry  resu lts<1,2> con firm ed  th a t  
these com pounds h a ve  fast fluorescence decay, 
sim ila r to com m on o rg an ic  sc in tilla to rs an d  
a re  satis factory  as w e ll fo r slow  as fo r fast 
cou nting  rates an d  fu rth e r  experim en ts w ith  
the  borazo les an d  borazarenes a re  in  progress.

R E F E R E N C E S

1. V i d e l a  G. J . ,  M o i j n a r i  M .  A ., R o jo  E. A ., 
L ir e s  O . A . and G a s a s  L. H. R ep ort No. 77, 
GN EA, Buenos Aires (1963). V i d e l a  G. J .  et a l. 
V III Congreso Latinoamericano de Química, Buenos 
Aires, setiem bre (1962).

2. M o l i n a r y  M .  A . and M c G u s k e r  P. A . 14Ist 
M eeting o f the American Chemical Society, W ashing­
ton. D .C . (Abstracts). M arch  (1962).

3. M a i t i .is  P. M . Chem. Rev. 62 , (3) 223 (1962).
4. D e w a r  M .  J .  S . and D ie t z  R . J .  chem. Soc. 1959 , 

2728.
5. D e w a r  M . J .  S . ,  D ie t z  R ., K u b d a  V . P. and  

L e p l e y  A .  R . J .  Amer. chem. Soc. 83 , 1 754 ( 1 9 6 1 1.
6. M oo n  P. H . The Scientific B as is  o f Illum inating 

Engineering, p. 123 and A pp . C. M cG raw -H ill, 
New Y o rk  (1936).

7. V o s J .  C. d e  Physica 20 , 690 (1954).
8. W e b e r  G. and T e a l e  F. W . Trans. F araday Soc. 

53 , 646  (1957).
9. B ir k s  J .  B . and M u n r o  I. H. B rit. J .  appl. Phys. 

1 2 ,5 1 9 ( 1 9 6 1 ) .
10. B ir k s  J .  B . and K u c iif .l a  K . N. Proc. phys. Soc. 

Lond. 77 , 1083 (1961).
11 . H a m m a n n  J .  F. Z. angew. Phys. 10 , 187 (1958).
12. G iir is t e n s e n  R . L . and A m e s  J .  J .  opt. Soc. Amer. 

5 1 , 224  (196H .
13. M id d l e t o n  W . E. K . and S a n d e r s  G. L . J .  opt. 

Soc. Amer. 45 , 4 1 9  (1951).
14. B r i l l  A .  and H o e k s t r a  \V. Ph illip s Res. Rept. 

16 , 301 (1961).
15. B o d o  Z. Acta physiol. hung. 3 , 23 (1953 ).



Bus i d  ' Aires 20 de : o v i e ,v>] re de 196*4.-

I rv .  F.A. Van Braa^ Roackigeest 

Depf> rt^rrento de Informaciones

Tengo e l  agrado de hacerle l l e g a r  

dos separatas del t rabajo  publicado en e l  In te rn a t io ­

nal Journal of Applied Radiation and Isotopes, n£ 15,  
6 l l , ( 1 9 6 U ) .

JE FE
wOEPART. F1S. ATOM. MOLECULAR


