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The microphase ad sorp tion-spectral cor rec tion (MPASC) tech nique was de scribed and ap plied to study
the in ter ac tion of bromo-pyrogallol red (BPR) with cetyl trimethylammonium bro mide (CTAB). The syn er -
gism mech a nism of mi celles was an a lyzed and dis cussed. The large elec tro static mi celle ad sorbs the chromo -
phore in only the monolayer, and the ad sorp tion obeys the Langmuir ad sorp tion. The for ma tion of the
(BPR2•CTAB)78 ag gre gate ac cel er ates the Mo-BPR com plex re ac tion. Ex per i men tal re sults showed the ad -
sorp tion con stant of the ad sorp tion ag gre gate 6.20 × 105  and its mo lar ab sorp tivi ty εr

610nm = 1.40 × 106

lmol-1cm-1. For anal y sis of sam ples, the re cov ery of Mo was be tween 97.4 and 107% and the RSD was less
than 4.39%.

IN TRO DUC TION

A surfactant is of ten quite use ful in sen si tive de ter mi -
na tion of trace amounts of a com po nent due to its solu bil iza -
tion, sta bi li za tion, sen si tiv ity en hance ment and so on. Some
ear lier mod els were pro posed to ex plain the syn er gism mech -
a nism, e.g. syn er gism perturation,1  hy dro gen bond for ma -
tion,2 mi celle ca tal y sis,3 asym met ric micro envmoly bdenum -
ment4  and oth ers. The study on surfactant so lu tion is ac tive5-8

be cause its spe cial func tion. A surfactant mol e cule usu ally
has a long chain and var i ous ag gre ga tion forms in aque ous
so lu tion, e.g. spher i cal, worm-like, tu bules and lamellae.9 Its
sur face (cetyl trimethylammonium bro mide (CTAB) as rep -
re sen ta tive) will ad sorb small ions with an op po site charge,
e.g. ag gre ga tion of Cl- or stain an ions in only a monolayer.10

The in ter ac tion of a surfactant with a stain of ten oc curs just
like a pre cip i ta tion-stain ad sorp tion. In a surfactant (S) so lu -
tion, the ag gre ga tion of S mol e cules will form an elec tro static 
global mi celle (Fig. 1-left) when S is more than the crit i cal
micellar con cen tra tion (CMC). So, the elec tro static at trac tion 
of a ligand (L) with op po site charge oc curs in the mi celle un -
til the ki netic equi lib rium (Fig. 1-middle). Be cause of the
elec tro static at trac tion, the solubilization of L oc curs in the S
so lu tion. The ad di tion of metal ions (M) will cause the sen si -
tive com plex ion of M with L ad sorbed in mi celle phase (Fig.
1-right). Be cause the con cen tra tion of L in mi celle phase is
much higher than that in aque ous phase, the re ac tion is very
easy and quite rapid. Like a cat a lyst car rier, the pres ence of

the mi celle ac cel er ates the M-L com plex re ac tion. All L mol -
e cules are con cen trated on S mi celle so the complexation be -
tween a metal (M) and L in the mi celle phase be comes rapid
and sen si tive. This causes the en hance ment of the sen si tiv ity.
Sim i larly, the same elec tro static ad sorp tion of L on S mono -
mer sur face can oc cur when S is less than CMC (Fig. 1-(1)).
The ag gre ga tion of L on S sur face is in only a monolayer. It
obeys the Langmuir ad sorp tion11 and the fol low ing equi lib -
rium oc curs: L (aque ous phase, CL) ⇔ SLN (surfactant phase,
C S) in L-S so lu tion. The Langmuir equa tion is used:

(1)

where K is the equi lib rium con stant and CL the con cen tra tion
of the ex cess L and γ is the mo lar ra tio of L ad sorbed to S.
With an in crease in L con cen tra tion, γ will ap proach a max i -
mum, called the ad sorp tion ra tio N. The γ-1  vs. CL

-1  is lin ear
and from this we may cal cu late N and K. Both CL and γ are
cal cu lated by means of:12-13

(2)

(3)

where:

(4)
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where both CS and CL0 are the con cen tra tion of the S and L
added ini tially and η in di cates the ef fec tive frac tion of L. Ac,
A0  and ∆A are the real absorbance of the S-L prod uct, the
mea sure ment absorbance of the re agent blank against wa ter
and that of the S-L so lu tion against re agent blank di rectly
mea sured at the peak wave length λ2, re spec tively. The Ac is
cal cu lated by means of:12

(5)

where ∆A′ in di cates the absorbance of the S-L so lu tion mea -
sured re spec tively at the val ley ab sorp tion wave length λ1. In
gen eral, α and β are the cor rec tion con stants and they are cal -
cu lated by mea sur ing di rectly SLN and L so lu tions.13 In ad di -
tion, the mo lar ab sorp tivi ty (real εr

λ2 not ap par ent εa
λ2) of the

ad sorp tion prod uct SLN at λ2 is also di rectly cal cu lated by the
fol low ing equa tion:

(6)

where δ is the cell thick ness (cm) and the oth ers have the
same mean ings as in the equa tions above.

The co op er a tion of both the Langmuir ad sorp tion and
the spec tral cor rec tion techniquewill pro vide a very help ful
ex per i men tal strat egy for study of chromo phore or its me tal -
lic com plex’s ad sorp tion in surfactant so lu tion. This method
is named Mi cro Phase Ad sorp tion-Spectral Cor rec tion (MPASC)
pro vides a very help ful ex per i men tal strat egy for the study of
the ag gre ga tion of chromo phores on surfactant mi celles. It

has been ap plied to the in ves ti ga tion of the biomoleclar so lu -
tion.14 In the pres ent ar ti cle, we have stud ied the ag gre ga tion
of bromo-pyrogallol red (BPR) on CTAB and its ap pli ca tion
to the sen si tive de ter mi na tion of trace amounts of mo lyb de -
num. The struc ture of the stain is given be low:

It forms neg a tive ions in a neu tral me dium and can be ad -
sorbed by cationic surfactant CTAB. The re la tion ship be -
tween the ad sorp tion ra tio of BPR to CTAB and free BPR
molarity is in ac cor dance with the Langmuir ad sorp tion. Re -
sults showed that the max i mal ad sorp tion ra tio of CTAB to
BPR is 1:2 at pH 6.0 and the ad sorp tion con stant KCTAB-BPR =
6.20 × 105. In ad di tion, the co or di na tion of Mo with the BPR
in the CTAB-BPR ag gre gate has been made and dis cussed.
The CTAB micellar sur face has con cen trated a lot of BPR and 
pro vided an ac tive place like cat a lyst for the com plex re ac -
tion be tween Mo and BPR. The ag gre ga tion of BPR on CTAB 
and the co or di na tion of Mo with BPR have been ap plied to
the quatitative de ter mi na tion of Mo trace in sam ples. The re -
cov ery of mo lyb de num is be tween 97.4 and 107% and the
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(here a cationic sur factant was used as representative.)

Electrostatic
attraction Chemical bond
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in solution on S surface L adsorbed on S surface
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with charge

Fig. 1. The ad sorp tion of ligand (L) mol e cules on surfactant (S) mono mer (1) and mi celle (2) sur face  and the sen si tive
complexation of a metal (M) with L ad sorbed on S sur face.
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RSD less than 4.39%.

EX PER I MEN TAL SEC TION

Ap pa ra tus and Ma te rials
Ab sorp tion spec tra were re corded on a UV/VIS 265

Spectrophotometer (Shimadzu, Ja pan) with 1-cm and the in -
di vid ual absorbance was mea sured on a Model 722 spectro -
photometer (Shang hai An a lyt i cal In stru ments) with 2-cm
cells. The con duc tiv ity me ter, Model DDS-11A (Tianjin Sec.
Anal. In stru ment.) was used to mea sure con duc tiv ity to gether 
with Model DJS-1 con duc tiv ity im mer sion elec trode (elec -
trode con stant 0.98, Shang hai Tienkuang De vice Works) in
pro duc tion of deionized wa ter be low 0.5 (µΩcm)-1. The pH of 
so lu tions was mea sured on a pHS-2C acid ity me ter (Leici In -
stru ment, Shang hai) and Model 630D pH Pen (Shang hai
Ren’s Elec tric). The tem per a ture was ad justed and re mained
con stant in an elec tri cally heated ther mo stat bath, Model
116R (Changjiang Test In stru ments of Tongjiang, China).

The stan dard stock CTAB (10.00 mM) was pre pared
by dis solv ing cetyl trimethylammonium bro mide (CTAB)
(Shang hai Chem i cal Re agents Cen tre) at 40 °C in deionized
wa ter and then 1.00 mM CTAB was pre pared daily. BPR so -
lu tion (0.500 mM) was pre pared by dis solv ing 0.1590 g of
bromo-pyrogallol red (BPR, con tent 88%, pro duced by
Shang hai 3rd  Re agents) in 500 mL of deionized wa ter. 1.92
µmol/l (BPR2•CTAB)78  ag gre gate (con tain ing 0.300 mM
BPR) was pre pared by mix ing 100 mL of 0.500 mM BPR, 34
mL of 5.0 mM CTAB, 10 mL of pH 6.0 buffer so lu tion and 23
mL of deionized wa ter. It can be used af ter 20 min. The stan -
dard Mo so lu tion, 10.0 µg Mo/mL was pre pared by dis solv -
ing am mo nium molybdate in deionized wa ter. The ac e tate
and am mo nium buffer so lu tions be tween pH 4.5 and 10 were
used to ad just the acid ity of so lu tions. The mask ing re agent,
5% EDTA-2Na was pre pared in the de ter mi na tion of mo lyb -
de num traces, which was used to com plex other tran si tion, al -
ka line earth and main group met als.

Methods
Ad sorp tion of BPR on CTAB mi celles

Into a 25 mL cal i brated flask were added 0.200 µmol of
CTAB, 2.5 mL of buffer so lu tion and a known amount of BPR 
so lu tion. The mix ture was di luted to 25 mL with deionized
wa ter and mixed thor oughly. Af ter 5 min, absorbances were
mea sured at 545 and 610 nm, re spec tively, against the re agent 
blank treated in the same way with out CTAB, and then Ac of
the ad sorp tion prod uct was cal cu lated.

De ter mi na tion of mo lyb de num in sam ples
A known vol ume of a sam ple so lu tion con tain ing less

than 10 µg of Mo was placed in a 25 mL flask. To which was
added 2.5 mL of pH 6.0 buffer, 1 mL of the mask ing re agent
and 3.0 mL of 1.92 µmol/l (BPR2•CTAB)78  ag gre gate. It was
di luted to 25 mL and mixed well, then put in a 40 °C con stant
tem per a ture bath for re act ing 20 min; absorbances were mea -
sured at 575 and 615 nm, re spec tively, against a re agent blank 
with out Mo and A c of the ter nary com plex was cal cu lated.

RE SULTS AND DIS CUS SION

Spec tral Analysis
The in ter ac tion of BPR with CTAB

The ab sorp tion spec tra of the CTAB-BPR so lu tion at
pH 6.0 are shown in Fig. 2, where 0.200 µmol of CTAB and
0.250 µmol of BPR were added. From curve 1, the ra tio of
absorbance of the CTAB-BPR so lu tion at 545 nm to that at
610 nm ap proaches min i mum and re mains con stant when the
mo lar num ber ra tio of CTAB to BPR is over 2. So CTAB may
ad sorb the com plete BPR when mixed with 2.0 µmol of
CTAB and 0.60 µmol of BPR at pH 6.0. This in di cates no free 
BPR in such a so lu tion and curve 4 gives the so lu tion’s spec -
trum. We find that the spec tral peak of BPR so lu tion is lo -
cated at 555 nm and that of the ad sorp tion ag gre gate at 560
nm. The spec tral red shift is only 5 nm. How ever, the rel a tive
spec tral peak and val ley are lo cated at 545 and 610 nm from
curve 3. So the two wave lengths were used in the study of the
ad sorp tion. From curves 2 and 4, the cor rec tion co ef fi cients
were cal cu lated to be β1 = 0.110 and α1 = 1.30. There fore, Ac

= 1.17 (∆A-0.110∆A′) for cal cu lat ing real ab sorp tion of the
CTAB-BPR ag gre gate.
The co or di na tion be tween BPR in the ag gre gate and Mo

The ab sorp tion spec tra of the CTAB-BPR-Mo so lu tions 
and that of their ter nary com plex are shown in Fig. 2. By com -
par ing curves 5 and 2, we ob serve the peak of the ter nary
com plex is lo cated at 615 nm. The spec tral peak of the ter nary 
com plex is 55 nm lon ger than that of the CTAB-BPR prod uct. 
From curve 6, the peak and val ley of the CTAB-BPR-Mo
mix ture are lo cated at 615 and 575 nm, re spec tively. So the
two wave lengths were used in this work. From curves 2 and
5, β2 = 0.248 and α2 = 0.638. There fore, Ac = 1.19(∆A-
 0.248∆A′) for cal cu lat ing the real absorbance of the ter nary
com plex.

Ef fect of pH on Aggregation of BPR on CTAB
By vary ing the pH of a so lu tion, the ab sorp tion of the
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CTAB-BPR so lu tion was mea sured and the ef fect of pH on
the ad sorp tion ra tio of BPR to CTAB is shown in Fig. 3. From 
curve 1, we ob serve that the in crease of acid ity of a so lu tion
causes a de crease in absorbance. This is at trib uted to the fact
that BPR con tains more neg a tive charges un til BPR6- is
formed in a strong ba sic so lu tion. A stain with more charges
is eas ier to be at tracted by the op po site point charge. How -
ever, by com par ing the dif fer ence be tween curves 1 and 2 and 
con sid er ing the re ac tion se lec tiv ity be tween Mo and BPR, we 
se lected pH 6.0 here.

Ef fect of Tem per a ture on Ag gre ga tion of BPR
At var i ous tem per a tures, the ad sorp tion ra tio of BPR to

CTAB is shown in Fig. 4. The ad sorp tion ra tio de creases with 
an in crease in tem per a ture, es pe cially over 70 °C. This is at -
trib uted to the fact that the higher tem per a ture will cause the
rapid desorption of BPR from the CTAB sur face. Such a phe -
nom e non is in ac cor dance with the com mon law of sur face
ad sorp tion.

Ef fect of Time on Ag gre ga tion of BPR on CTAB
At a tem per a ture of 10 °C, the ef fect of time on the ad -

sorp tion in ter ac tion be tween CTAB and BPR is shown in Fig. 
5. Curves 1 and 2 in di cate that the CTAB-BPR ad sorp tion re -
ac tion at pH 6 ap proaches a max i mum in 5 min. Curves 3-6
give the ef fect of time on the com plex re ac tion be tween BPR
in the CTAB-BPR ag gre gate and Mo in the pres ence of EDTA 
at tem per a tures of 10 and 40 °C. From curves 3 and 4, the re -
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Fig. 2
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Fig. 2. Ab sorp tion spec tra of BPR, BPR-CTAB and
Mo-BPR-CTAB so lu tions at pH 6.0: 1- vari a -
tion of Absorbance545nm  and Absorbance610nm

of the BPR-CTAB so lu tions with an in crease in
CTAB (be tween 0 and 5 µmol) which all con -
tain 0.25 µmol of BPR; 2- BPR (0.25 µmol) so -
lu tion against wa ter; 3- BPR-CTAB ag gre gate
so lu tion not con tain ing free BPR against wa ter;
4- BPR (0.60 µmol)-CTAB (1.80 µmol) so lu -
tion against a re agent blank; 5- BPR (0.60
µmol)- CTAB-Mo (5.0 µmol) com plex so lu tion
not con tain ing free BPR-CTAB prod uct against 
wa ter and 6- BPR (0.60 µmol)-CTAB-Mo (20.0 
µg) so lu tion against a re agent blank.

Fig. 3. Ef fect of pH on the absorbance of the BPR-
 CTAB so lu tions all con tain ing 0.250 µmol of
BPR and 0.200 µmol of CTAB: 1- at 610 nm
and 2- at 545 nm, both against wa ter.

Fig. 4. Ef fect of tem per a ture on the real absorbance of
the BPR-CTAB ag gre gate in the so lu tions con -
tain ing: 1- 2.00 µmol of BPR and 5.0 µmol of
CTAB and 2- 2.00 µmol of BPR and 2.50 µmol
of CTAB.



ac tion is slow at 10 °C. It be comes very fast at tem per a tures
of 40 °C. So the absorbance mea sure ment of the CTAB-BPR
ad sorp tion so lu tion was car ried out af ter 5 min at room tem -
per a ture and that of the ter nary com plex was made af ter 20
min at tem per a tures of 40 °C.

Ef fect of BPR Concentration
The ad sorp tion of BPR on CTAB

By vary ing the BPR con cen tra tion, the ab sorp tion of
the ad sorp tion so lu tions was mea sured. Cal cu la tions of their
CL and γ and their re la tion ship is shown in Fig. 6. We ob serve
that curve CL

-1  vs. γ-1 is lin ear (cor rec tion co ef fi cient R =
0.993). So, the ad sorp tion of BPR on CTAB obeys the
Langmuir monolayer ad sorp tion. The re gres sion equa tion is

γ-1 = 0.504 + 0.806 CL
-1  (CL - µM). So the ad sorp tion con stant

was cal cu lated to be K = 6.20 × 105  and the ad sorp tion ra tio of 
CTAB to BPR to be N = 2.0. When CTAB is more than CMC
0.96 mM, the large ag gre gate (BPR2•CTAB)78 will be formed.
The real (not ap par ent) mo lar ab sorp tivi ty of the ag gre gate
mi celle was cal cu lated to be εr

610nm = 1.40 × 106  lmol-1cm-1.
The com plex re ac tion be tween BPR in the ag gre gate
and Mo

In fact, 1.92 µmol/l (BPR2•CTAB)78 ag gre gate was
formed in the so lu tion ini tially con tain ing 0.300 mM BPR
and 1.0 mM CTAB be cause CTAB con cen tra tion is more than 
CMC. Such a so lu tion was pre pared in “Ma te rials” for sen si -
tively complexing Mo. By vary ing the ad di tion of the
(BPR2•CTAB)78 so lu tion, the ter nary com plex so lu tion was
mea sured and η of the (BPR2•CTAB)78 prod uct and γ of com -
plex were both cal cu lated. Their curves are shown in Fig. 7.
From curve 2, we see that the com po si tion ra tio γ of BPR to
Mo reaches max i mum at 2 when the ad di tion of the
(BPR2•CTAB)78 so lu tion is more than 2.0 mL. There fore, the
fi nal ter nary com plex is ex pressed as Mo•BPR2•CTAB. In the 
quan ti ta tive de ter mi na tion of mo lyb de num in sam ples, 3.0
mL of the (BPR2•CTAB)78  ag gre gate so lu tion was added.
From curve 1, we find that the ef fec tive (BPR2•CTAB)78 ag -
gre gate takes up only 50%, so half of the (BPR2•CTAB)78 ag -
gre gate is free in the so lu tion. Be yond all doubt, such ex cess
of the ag gre gate will af fect the absorbance mea sure ment of
the ter nary com plex.

In the de ter mi na tion of the ad sorp tion or com plex ra tio
and equi lib rium con stant, the spec tral cor rec tion method is
ad vanced in op er a tion and prin ci ple by com par ing with clas -
si cal meth ods such as the Scatchard model,15  mo lar ra tios,16

con tin u ous vari a tions17 and equi lib rium move ment.18

Cal i bra tion Graph and Pre ci sion for De ter mi na tion of Mo
Ac cord ing to the rec om mended pro ce dures, the stan -

Langmuir Ag gre ga tion of BPR on CTAB J. Chin. Chem. Soc., Vol. 49, No. 1, 2002     37

Fig. 5. Ef fect of the time on absorbances of the BPR-
 CTAB so lu tion (1- at 610 nm and 2- at 545 nm)
con tain ing 0.250 µmol of BPR and 0.200 µmol
of CTAB and those of Mo-BPR-CTAB so lu -
tions (3- and 5- at 615 nm and 4- and 6- at 575
nm) (so lu tion con tain ing 0.60 µmol of BPR-
 CTAB prod uct and 20.0 µg of Mo). all against
re agent blank. 1-, 2-, 3- and 4- at 10 °C and both
5- and 6- at 40 °C.

Fig. 6.  γ- 1 vs.CL
- 1, (CL  unit: µmol/l).

Fig. 7. Ef fect of ad di tion of the BPR-CTAB ag gre gate
on η (1) and γ (2) of BPR to Mo (so lu tion con -
tain ing 20.0µ g of Mo).



dard se ries of mo lyb de num so lu tions were pre pared and mea -
sured at pH 6.0 us ing the BPR-CTAB ag gre gate as re ac tant in 
the pres ence of EDTA. The re gres sion equa tion is: Ac =
0.0309x - 0.042 (x-Mo, µg). From the slopes of curves, the
mo lar ab sorp tivi ty of com plex was cal cu lated to be εreal

615nm = 
7.43 × 104 lmol-1cm-1  and εap par ent

615nm = 5.74 × 104 lmol-1cm-1.
So the cor rec tion method has higher sen si tiv ity than or di nary
spectrophotometry. Six rep li cated de ter mi na tions of 5.00 and 
25.0 µg of stan dard Mo(VI) gave the rel a tive stan dard de vi a -
tion RSD = 2.8 and 1.1% for the cor rec tion method but RSD = 
9.6 and 5.2% for or di nary spectrophotometry. So the cor rec -
tion method has higher pre ci sion than or di nary spectro photo -
metry. The de tec tion limit of Mo for Ac = 0.010 was cal cu -
lated to be 0.30 µg in 25 mL of so lu tion.

Ef fect of For eign Ions
By add ing the EDTA so lu tion, none of the fol low ing

ions af fected the di rect de ter mi na tion of 20.0 µg of mo lyb de -
num (VI) (er ror less than 10%): 0.5 mg of al ka line earths and
com mon an ions, e.g. Cl-, Ca2+, Mg2+, F- and PO4

3-, 0.2 mg of
Al(III), Zn(II), Pb(II), As(III) and 0.1 mg of Ni(II), Fe(II, III), 
Cu(II), Mn(VI), Co(II), Cd(II) and Hg(II).

De ter mi na tion of Mo in Sam ple
Two sam ples were de ter mined. Sam ple 1 was sam pled

from Huaihe River sam ple 2 from a lo cal sew age pipe. In the
sam ples, drops of stan dard Mo so lu tion were added. The de -
ter mi na tion re sults are given in Ta ble 1. We see that the re -
cov ery of stan dard Mo is be tween 97.4 and 107% and the
RSD less than 4.37%.

CON CLU SION

The in ves ti ga tion of the in ter ac tion of BPR with CTAB
mi celle sup ports the monolayer ad sorp tion of BPR mol e cules 
on mi celles. Though the MPASC tech nique has not given a
higher sen si tiv ity than other meth ods such as RLS.19 How -
ever, it may meet pre ci sion and ac cu racy cri te ria and of fers

the ad di tional ben e fits of sim plic ity and ver sa til ity. We still
un der stand the clas si cal sepctrophotometric method can play
an im por tant role in the syn er gism of surfactant mi celle, e.g.
solubilization and en hanced sen si tiv ity and their ap pli ca tion
to the quan ti ta tive de ter mi na tion of metal traces.
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Table 1. Determination of Mo in Samples

Sample
Number

Added, µg Found, µg/10 mL Recovery, %

1# 0.000 3.31 ± 0.15
RSD 4.39%

5.00 8.18 ± 0.22 97.4
2# 0.000 5.95 ± 0.14

RSD 2.37%
5.00 11.3 ± 0.31 107


