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JOURNAL OF LIQUID CHROMATOGRAPHY, 6(9) ,  1603-1616 (1983) 

A CHEMILUMINISCENCE DETECTOR FOR TRACE DETERMINATION 
OF FLUORESCENT COMPOUNDS 

G. Mellbin 
Technical Analyt ical Chemistry, Chemical Center 

P.O.B. 740, S-220 07 Lund 7, Sweden 

ABSTRACT 

A detector making fu l l  use of the advantages offered by chemi- 
luminiscence has been constructed. Light measurement was performed 
w i th  modern electronic equipment using photon counting and the sys- 
tem was tested using dansyl derivatives o f  adrenaline, noradrenaline 
and of some amino acids. The detection limits for the two catecholamines 
were 6 and 16 fmof, respectively, and less than 0.5 fmol for the amino 
acids. To reach these low levels a l l  reagents were purif ied or selected for 
ultra-high purity. The effects of reagent contaminants and of various op- 
t ical  f i l ters have been studied using adrenaline as the test substance. 

INTRODUCTION 

Introduction of chemiluminiscence in l iquid chromatography can 

be interpreted as an attempt to  increase the sensitivity and selectivity 

of fluorescence methods, and thus extend their applicability t o  the assay 

of chemical compounds o f  various kinds. The effect ive detection l imit 

i n  fluorescence analysis using a high-energy l ight source , e.g. a xenon 

lamp, and a photomultiplier tube is restr icted to  about 100 pmol for  

dansyl derivatives, due to problems w i th  stray l ight and intensity vari- 

ations of  the l ight source. Application o f  UV- and tunable dye lasers 

have improved the situation. However, UV-lasers are l imi ted to a few 
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1604 MELLBIN 

wavelengths and tunable lasers are rather expensive, making them 

available to  a small number of laboratories. 

Another problem when trying to  decrease the detection limit 

arises from the l ight measurement. In  conventional fluorescence sys- 

tems, l ight i s  detected w i th  a photomultiplier tube connected to  an 

electr ic circuitry measuring the photon induced current in a conti- 

nous manner. Even when no photons strikes the l ight sensitive sur- 

face of the photomultiplier, a small current arises f rom thermally 

excited electrons in the dynode chain. This dark current restr icts the 

low limit of detection, unless precautions are taken to  reduce it. 

Due t o  the fact  that photons propagate as distinct quanta, every 

photon striking the f i r s t  dynode gives rise to  a very short pulse of 

electrons, which i s  amplified i n  the dynode chain. Pulses generated 

by thermally excited electrons are amplified to  a smaller extent, 

making them distinguishable f rom true l ight pulses. By electronic 

discrimination and counting, one can register only those pulses having 

an energy above a preset value. As the background can be kept as 

low as a few photons per sec., i t  i s  possible t o  count the number o f  

photons interacting w i th  the f i r s t  dynode. This i s  the principle of 

photon counting. 

Usually the number of pulses is counted during a preset period of 

time, e.g. 1 sec., then the result i s  displayed and a new counting 

cycle is started. By using this method the instrument background can 

virtual ly be kept a t  zero, making it possible to  measure very low 

sample concentrations. In previous applications of chemiluminiscence 

to  thin-layer chromatography (1) and high performance liquid chromato- 

graphy (HPLC) (2,3) use has not been made of photon counting for 

l ight measurement, whereby the sensitivity has been restr icted by 

dark current fluctuations in  the photomultiplier. 

In cl inical work, bio- and cherniluminiscence have been used for 

numerous analytical purposes (4) ut i l iz ing dif ferent methods for che- 

mical excitation. The method used in this work was o f  the peroxylate 

type w i th  the proposed mechanism: 
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CHEMI LUMINI S CEN CE 1605 

ArO-  F8 - - 0 A r  

oxalic ester 

DETECTOR 

+ H 2 O 2 4  

!$ + fluorophor 

f-! i. 2 A r O H  
0- 6 
1,2 dioxetane- 

dione 

-. fluorophor*+ 2 C 0 2  

(dansyl derivative) (excited state) 

The structure of the oxalate substituents (Ar) has been shown t o  in- 

fluence both the reagent stability and the fluorescence intensity (5). 

The use of bis(2,4,6-trichlorophenyl)oxalate (TCPO) as the oxalic ester 

gives good reagent stabi l i ty together w i th  high quantum yields. The 

reaction o f  dansyl chloride w i th  amines and phenols occurs according 

to  the general equation: 

reagent reactant derivative 
(dansyl chloride) (amine) 

EXPERIMENTAL 

Apparatus 

HPLC was performed w i th  a 5.0 mm I.D. x 200 mm column 

packed w i th  5 p m  Nucleosil CI8 particles (Macherey-Nagel & Co., 

Duren, G.F.R.). The pump used for chromatography was a L D C  Con- 

stametric I11 double piston HPLC pump (Laboratory Data Control, 

Riviera Beach, FI., U.S.A.) and the injector was a Rheodyne 7120 

(Rheodyne, 

The photon counter was developed and constructed by Auratronic 

Electronic Consultant, Stockholm, Sweden. It utilizes a Hamamatsu 

type R268UH-HA-P photomultiplier tube (Hamamatsu TV. Co. Ltd., 

Hamamatsu-City, Japan). Fi l ters were manufactured by Car l  Zeiss, 

Oberkochen/Wurft, G.F.R. Catecholamine samples were prepared using 

a Bond Elut C1 

U.S.A.). 

Berkeley, CA., U.S.A.) equipped with a 20 p 1 sample loop. 

column (Analytichem International, Harbour City, CA., 
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1606 MELLBIN 

The photomultiplier tube was mounted as shown i n  Fig. 1. Im- 

mediately in front of the tube i s  a f i l te r  holder w i th  a f i l te r  followed 

by a spiral-type f low cell. To avoid signal deterioration the pre-am- 

pl i f ier  i s  placed as close to  the photomultiplier tube as possible, in- 

side the light-proof box. A 11 -metal magnetic shield prevents distur- 

bance from laboratory equipment. On top of the box is a carefully 

sealed cover, giving a background count of only 50-150 photons per 

sec. The design o f  the f low cel l  i s  shown in  Fig. 2. It was constructed 

from borosilicate glass and on the revers side i t  was covered w i th  

aluminium fo i l  to direct a l l  l ight  towards the photon counter. 

Chemicals 

1-Adrenaline, 1-noradrenaline, dansyl chloride and cyklohexyl- 

amine salts of dansyl-I-glutamic acid, dansyl-I-methionine, dansyl-d,l- 

-norleucin and dansyl-la-alanine were obtained from Sigma Chemi- 

cal Company, St.  Louis, MO., U.S.A. Ethyl  acetate, acetone, hydrogen 

peroxide, tris(hydroxymethy1)aminomethane (TRIS) and hydrochloric 

acid, al l  of analytical grade, and ethyl acetate, acetone and acetoni- 

t r i le  of spectroscopic grade were obtained from E. Merck, Darrnstadt, 

G.F.R. Toluene of HPLC-grade was supplied by the same source. 

Acetonitr i le for HPLC was from Rathburn Chemicals Ltd., Walkerburn, 

Gt. Bri tain and from BDH Chemicals Ltd., Parkstone, Gt. Britain. 

Hydrogen peroxide “Aristar” was also supplied by BDH. TCPO was pre- 

pared by the method o f  Mohan and Turro (6). A l l  water was doubly di- 

stilled. 

Purif icat ion of chemicals 

Analyt ical grade ethyl acetate and acetone were distilled using 

a I-rn f i l led column. The TCPO was recrystallized from HPLC-grade 

toluene, the solution being treated with charcoal, and TRIS was re- 

crystallized f rom aqueous ethanol (7). 

Analyt ical conditions 

ted o f  85% (v/v) acetonitrile and 15% (v/v) 0.05 mol I-’ TRIS-HCI- 

-buffer, p H  7.7. The flow-rate was 1 ml min-’ 

In the determination of catecholamines the mobile phase consis- 

. TCPO was dissolved 
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CHEMILUMINISCENCE DETECTOR 1607 

si 
I 

E 

FIGURE I 

Light measurement compartment  with A) Flow cell, B) Filter,  C )  u-metal  
shield, D) Photomultiplier and E) Pre-amplifier. 

2.3mrn 

-D 

FIGURE 2 

Design o f  flow cell. 
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1608 MELLBIN 

i n  ethyl acetate a t  a concentration of 5 mmol I-’ and 30% (v/v) 

H 0 

The flows were 0.3 ml min-’ for the TCPO solution and 0.5 ml min-’ 

for the H202 reagent. In order to analyse the amino acids the buffer 

content o f  the mobile phase was increased to  65% (v/v) and acetoni- 

t r i le  made up the f inal 35% of the mobile phase. The flow-rate was 

maintained a t  1 ml min-’ . To avoid phase separation due to  the low 

solubility of TCPO i n  aqueous systems, the TCPO reagent was pumped 

a t  0.5 ml min-’ and the H 0 

Sample preparation 

was diluted w i th  acetone to  a f inal concentration of 0.5 mol I-’. 
2 2  

reagent a t  1.3 ml min-’ . 2 2  

Dansyl amino acid samples were freshly prepared by dissolving 

the derivatives in  doubly distilled water. Dansyl derivatives of cate- 

cholamines were prepared as follows: Adrenaline and noradrenaline 

were dissolved in 0.1 mol I-’ HCI. A 100- 1-1 I volume o f  this solution 

was mixed w i th  330 11 1 of NaHC03 buffer (pH 8.5) and 2 ml of 0.1% 

(w/v) dansyl chloride in  acetone. A f te r  vigorous mixing the samples 

were allowed to  react a t  55 C for 10 min. To remove the excess 

reagent, 2 ml of 0.5% fw/v> 1-3-alanine was added and the sample 

mixture was once again placed at 55OC for 10 min. A f te r  application 

on a Bond E lu t  CI8 column and rinsing w i th  5 ml o f  50%-ethanol, 

the sample was eluted w i th  500 u l  of  acetone and diluted to  10 ml 

w i th  mobile phase. Care was taken to  prevent UV-irradiation during 

sample preparation. 

Procedure 

0 

The entire syst.em outline is shown in Fig. 3. The eluent was 

kept in  a glass container and was pumped through the injector and 

the column a t  a pressure of 1500 psi. The TCPO and H202 reagents, 

dissolved in  ethyl acetate and acetone, were placed i n  two 500-ml 

stainless steel containers pressurized w i th  helium and forced through 

a I -m  x 0.15 mm I.D. stainless steel or tef lon capillary tubing giving 

a flow of  2 m l  min-’ or less. The exact f low rates were adjusted by 

carefully regulating the helium pressure. This method gives a constant 

and absolutely pulse free delivery, which i s  important to  achieve a low 

background noise. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CHEMILUMINISCENCE DETECTOR 1609 

i 
e, 
Y u) 

x OI 

d m 
.- 
U 
x 
m 
C 

0) U 

a, 
I2 

- 
3 

a, 
5 

E 
E 

Y- 
O 

m m 
-0 

Y 

0 

.- 

ii 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1610 MELLB IN 

The TCPO and H 0 solutions were m ixed  in a s ta t i c  m ixe r  accor- 2 2  
ding t o  Yobayashi and Ima i  (3 ) ,  and then immediate ly  brought in con- 

t a c t  w i t h  the column e f f l uen t  using an ident ica l  mixer. Upon mixing, 

1,Z-dioxetanedione is formed which excites fluorescent molecules when 

encountered in the co lumn eff luent. Since the chemiluminiscent radi- 

a t ion declines very rapidly, the f l ow  was conducted d i rec t l y  t o  the f l ow  

ce l l  where the l i g h t  intensity was measured by photon counting. The 

number o f  photons s t r ik ing the photomult ipl ier tube during 1 sec. was 

counted, the d ig i t a l  reading was converted automat ica l ly  t o  an analog 

resul t  and the chromatogram registered on a recorder in conventional 

manner. When star t ing up the system, i t was allowed t o  operate for  

10 t o  15 min. so tha t  the base l ine became stable. If the system has 

been turned o f f  less than a couple o f  hours, i t  can be used w i th in  a 

few  min. 

RESULTS A N D  DISCUSSION 

E f f e c t  o f  reagent pu r i t y  

Table 1 l is ts  the e f f e c t  o f  mobi le  phase pu r i t y  on signal and 

background readings. It can be seen tha t  acetoni t r i le  may contain 

re la t ive ly  large amounts o f  f luorescent contaminants and s t i l l  fulf i l  

the UV-absorbance c r i t e r i on  o f  a HPLC-grade solvent. Therefore a 

carefu l  choice o f  acetoni t r i le  supplier is essential. The pur i f icat ion 

o f  TRIS is o f  smaller importance bu t  s t i l l  a f f ec ts  the results. Dur ing 

the remainder o f  this work B D H  HPLC acetoni t r i le  has been used i n  

the mobile phase together w i t h  recrysta l l ized TRIS. 

In Table 2 the e f fec ts  o f  pu r i t y  o f  TCPO and H202 reagents are 

summarized. It i s  evident t ha t  the make o f  H 0 has l i t t l e  inf luence 

on the peak height t o  background rat io, while d is t i l la t ion o f  the reagent 

solvents i s  essential. 

2 2  

Test o f  opt ica l  f i l t e rs  

In an a t tempt  t o  increase the sensit ivi ty o f  the detector  system, 

25 d i f ferent  f i l t e rs  were tested using the dansyl der ivat ive o f  adrena- 

l ine as the test  substance. A f i l t e r  may be used t o  reduce the background 

level since the sample and the contaminants e m i t  l ight  a t  d i f f e ren t  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
3
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1
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TABLE I 

1611 

Ef fec t  of Mobile Phase Pur i ty on the Peak Height . to 
Background Ratio * 

TRIS Aceto- H C I  Background Peak h eight/ background 
ni t r i le (cps) X l O O O  

P.A. BDH P.A. 15600 
recryst. HPLC 

P.A. BDH P.A. 18000 
HPLC 

P.A. Rathburn P.A. 36700 
recryst. HPLC 

P.A. Merck P.A. 15200 
recryst. Uvasol 

1.67 

1.50 

0.75 

1.71 

*Constant amounts of approximately 0.9 pmol of tridansyl-adrenaline 
were injected. 

TABLE I1 

Ef fec t  of Pur i ty of TCPO and H202 Reagents on the Peak Height 

t o  Background Rat io* 

Acetone Ethyl  H202 Background Peak height/background 
acetate (cps) X I  000 

P.A. P.A. Merck 841 00 
dest. dest. P.A. 

P.A. P.A. Merck 190000 
dest. P.A. 

P.A. P.A. Merck 235000 
dest. P.A. 

P.A. P.A. BDH 95000 
dest. dest. Aristar 

1 .080 

0.500 

0.404 

0.989 

* Constant amounts of approximately 0.9 pmol of tridansyl-adrenaline 
were injected. 
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TABLE 111 

Ef fec t  of Fi l ters in the Optical Path on the Peak Height 
t o  Background Rat io 

MELLBIN 

Fi l te r  Background Peak heightfbackground Characteristics 
(cps) X l O O O  

None 

GGI 6 

GG14 

GG8 

OG3 

Inter- 
ference 

GG15 

GG17 

BG23 

142900 

13600 

33900 

43000 

81 0 

1905 

94700 

108200 

77000 

Wave- 
0.308 length 

0.750 

0.697 

0.588 

0.543 

0.522 

0.394 

0.333 

0,252 

wavelengths. The f i l ters were placed next to  the photomultiplier tube 

immediately in front of the f low cell. As can be seen from Table 3, 

the best choice (GG16) increases the signal to background rat io more 

than twice compared to  measurements without a f i l ter. As the chemi- 

luminiscence from the dansyl derivative of adrenaline gives a wide 

wavelength distribution w i th  a maximum a t  512 nm, a 90 nm bandwith 

interference f i l t e r  w i th  i t s  peak transmittance a t  519.5 nm was 

expected to  increase the signal to  background rat io significantly. The 
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ION peak bight 

A 4 -  

3 -  

2 -  

1 -  

o + l  I I I I b 

5 6 7 8 9 5 6 7 8 9 

0 p q k  height 

- 104 conc. 

I I I I 
c 

5 6 7 8 9 
- log conc. 

FIGURE 4 

Correlation between sample concentration (mol I-’ ) and 
A) adrenaline and 8.) noradrenaline. 

peak height for 
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1614 MELLBIN 

gain was, however, not as large as accomplished w i th  some o f  the 

other filters. 

Linear detection range and detection limit for catecholamines 

A plot of peak height versus concentration for adrenaline and 

noradrenaline displays a linear correlation over more than three or- 

ders of magnitude (F'igs. 4A and B). A t  the high concentration end 

the peaks were f lattened a t  the top probably due to  reagent shortage. 

The peak intensities were in the order of 3 mil l ion cps. Extrapolating 

to  the noise level gives a detection limit of 6 fmol for adrenaline 

and 16 fmol for noradrenaline. This i s  to  be compared w i th  the value 

of approximately 12 pmol obtained for the same derivatives by Frei, 

Thomas and Fre i  using a conventional fluorescence detector (8). 

Assay of amino acids 

I n  order to  make a further comparison between this detector and 

a conventional fluorescence detector (21, some amino acids were ana- 

lysed under almost identical conditions t o  those i n  ref. (2). Dansyl 

derivatives of glutamic acid, alanine, methionine and norleucine were 

dissolved in  water and analysed using the same system as for the 

catecholamines. A VGlO f i l te r  turned out to  be the best choice in  

order to supress the ef fect  of background radiation. The sensitivity 

varied somewhat for  dif ferent derivatives but the methionine deriva- 

tive, being the least sensitive, had a detection l i m i t  of less than 

0.5 frnol (Fig. 5). Using a fluorescence detector w i th  the lamp turned 

off, Kobayashi and Imai (2) reached a detection limit o f  10 fmol for 

the same dansyl amino acids, that is, the present method is more 

than 20 times as sensitive. This brings chemiluminiscence combined 

w i th  photon counting up to  and possibly beyond the limits of laser 

induced fluorescence, making i t  the most sensitive optical method 

of detection available a t  present. 

CONCLUSIONS AND FURTHER WORK 

Chemiluminiscence i n  combination w i th  photon counting affords a 

high-sensitive analytical method for the assay of many substances, 

especially in  the biochemical field. The considerable decrease in de- 
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CHEMILIMUNISCENCE DETECTOR 1615 

p- min 

0 1 2 3 4 5 6 7 8  

FIGURE 5 

Chromatogram o f  amino ac id  dansyl derivatives. In jected volume: 20 1 . 
10 1 Sample concentrations: dansyl-I-methionine (MET) 2.07 * 10- mol I- , 

dansyl-I-glutamic ac id  (GLU) 1.73 10- rnol I-’ , dansyl-I-a-alanine (ALA) 

2.37 . 1 6  rnol 1-1 and dansyl-d,l-norleucin (NOR-LEU) 2.15 * 10-’ornol I-’ . 
The chromatographic conditions are given in the text. 

10 

10 
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1616 MELLBIN 

tect ion l imi ts for dansyl derivatives o f  catecholamines and amino 

acids in comparison w i th  those attained w i th  conventional fluorescence 

methods, should be possible to realize for many other compound classes. 

On that account i t is our intention to apply the present method to  

other fields of interest e.g. t o  the assay of arnines as o-phtaldialdehyde 

derivatives. 
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