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Langmuir Aggregation of Stain on lonic Surfactant and its Application:
In ter ac tion of Bromo-Pyrogallol Red with Cetyl Trimethylammonium
Bromide (CTAB)and De termination ofMolybde num Traces

Hong-Wen Gao ( #f#t 3 )
School of Chem is try and Chem i cal En gi neering, Anhui Univer sity, Hefei-230039, P. R. China

Themicrophase ad sorption-spectral cor rection (MPASC) tech niquewas de scribed and ap plied to study
theinter action of bromo-pyrogallol red (BPR) with cetyl trimethylammonium bro mide (CTAB). Thesyner-
gismmechanismof mi celleswasanalyzed and discussed. Thelargeelectro static mi celleadsorbs the chromo-
phorein only the monolayer, and the ad sorp tion obeysthe Langmuir ad sorp tion. The for mation of the
(BPR,*CTAB) ;saggregateaccel er atestheM o-BPR complex reaction. Ex peri mental resultsshowedthead
sorption constant of thead sorptionaggregate6.20” 10° anditsmolar ab sorptivi ty e®°"™ = 1.40" 10°
Imol*em™. For anal y sis of sam ples, there cov ery of Mo was be tween 97.4 and 107% and the RSD was less

than 4.39%.

INTRODUCTION

A surfactantisof ten quite useful in sensi tive deter mi-
nation of trace amountsof acom po nent duetoitssolubil iza-
tion, stabi li zation, sensi tiv ity enhancement and soon. Some
ear liermod elswerepro posedtoex plainthesyner gismmech
anism, e.g. syner gism perturation,' hy drogen bondfor ma-
tion,2mi cellecatal y sis,®asymmet ricmicroenvmoly bdenum-
ment* and oth ers. Thestudy on surfactant solutionisactive™®
becauseitsspecial function. A surfactant mol eculeusu ally
hasalong chainand var i ousag gregation formsin agueous
solution, e.g. spheri cal, worm-like, tubulesandlamellae.’ Its
sur face (cetyl trimethylammonium bro mide (CTAB) asrep-
resentative) will ad sorb small ionswith anop positecharge,
e.g.aggregationof Cl” or stain anionsin only amonolayer.™
Theinter action of asurfactant with astain of ten oc cursjust
likeaprecipitation-stainad sorption. Inasurfactant (S) solu
tion, theaggregationof Smol eculeswill formanelectrostatic
global mi celle (Fig. 1-left) when Sismorethanthecriti cal
micellar concentration(CMC). So, theelectrostaticattraction
of aligand (L) with op po sitechargeoc cursinthemi celleun-
til theki netic equi librium (Fig. 1-middle). Be cause of the
electrostaticat traction, thesolubilization of L occursintheS
solution. Thead di tion of metal ions (M) will causethe sen si-
tivecom plexionof M with L ad sorbedin mi celle phase (Fig.
1-right). Be causethecon centration of L in mi celle phaseis
much higher than that in aque ous phase, thereactionisvery
easy and quiterapid. Likeacat alyst car rier, the pres ence of

themi celleaccel er atestheM-L complexreaction. All L mok
eculesarecon centrated on Smi celle sothe complexation be-
tween ametal (M) and L in the mi celle phase be comesrapid
andsensi tive. Thiscausestheenhancement of thesensitivity.
Simi larly, thesameelectro static ad sorption of L on Smono
mer sur face can oc cur when Sislessthan CMC (Fig. 1-(1)).
Theag gregation of L on Ssur faceisin only amonolayer. It
obeysthe Langmuir ad sorp tion'! and thefol low ing equi lib-
riumoccurs: L (agueousphase, C.) U SL (surfactant phase,
Cs)inL-Ssolution. TheLangmuir equationisused:
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g N KNC,
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where K istheequi lib rium con stant and C; theconcentration
of theex cessL and gisthemo lar ratio of L ad sorbedto S.
WithanincreaseinL concentration, gwill approachamax i-
mum, called theadsorptionratioN. Theg® vs. C. % islinear
and from thiswemay cal culate N and K. Both C; and gare
cal culated by meansof: %13
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where both Csand C;y arethe con cen tration of the Sand L
addedini tially andh indi catestheef fectivefractionof L. 4.,
Ay and DA are the real absorbance of the S-L prod uct, the
measure ment absorbance of there agent blank against water
and that of the S-L solu tion against re agent blank di rectly
measured at the peak wave lengthl », respectively. The4. is
cal culated by meansof: 2

= DA4- bDA (5)
1- ab
where DA ¢indi catestheabsorbance of the S-L solution mea-
suredrespectively at theval ley ab sorptionwavelengthl 1. In
general,a andb arethecor rection con stantsand they arecal-
culated by measuringdi rectlySLx and Lsolutions.” In ad di-
tion, themolar absorptivi ty (real &' ?not ap par ente, 2) of the
adsorptionproductSLy at | 2isalsodi rectly cal culated by the
fol lowingequation:

1, _ mNAL
" dgCy

(6)

where d isthe cell thick ness (cm) and the oth ers have the
samemeaningsasinthe equationsabove.

Thecoop er ation of boththe Langmuir ad sorptionand
thespectral cor rectiontechniquewill provideavery helpful
ex per i mental strat egy for study of chromo phoreoritsmetal-
liccom plex’ sad sorptioninsurfactant solution. Thismethod
isnamedMi croPhaseAd sorption-Spectral Cor rection(MPASC)
providesavery helpful ex peri mental strat egy for thestudy of
theag gregation of chromo phoreson surfactant mi celles. It

(1) Surfactant (S) monomer
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hasbeen ap plied totheinvesti gation of the biomoleclar solu
tion.**Inthepresent arti cle, wehavestudiedtheag gregation
of bromo-pyrogallol red (BPR) on CTAB anditsap pli cation
tothesensi tivedeter mi nation of traceamountsof molybde
num. Thestruc ture of the stainis given below:
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Bromo-pvraaallol red (BPR)

It forms neg ativeionsin aneu tral me dium and can be ad
sorbed by cationic surfactant CTAB. Therelation ship be
tween the ad sorp tion ratio of BPR to CTAB and free BPR
molarity isin ac cor dancewiththe Langmuir ad sorption. Re-
sults showed that themax i mal ad sorptionratio of CTAB to
BPRis1:2at pH 6.0 and thead sorption con stant Kcrag-grr =
6.20" 10° Inaddition, thecoor di nationof MowiththeBPR
inthe CTAB-BPR ag gre gate has been made and dis cussed.
The CTAB micellar sur facehascon centrated alot of BPR and
provided anactiveplacelikecat alyst for thecomplex reac-
tionbetweenMoand BPR. Theaggregationof BPRonCTAB
and theco or di nation of Mowith BPR havebeen ap pliedto
thequatitativedeter mi nationof Motraceinsamples. There
cov ery of molyb denumisbetween 97.4 and 107% and the

(here a cationic surfactant was used as representative.)
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Fig. 1. Thead sorption of ligand (L) mol e culeson surfactant (S) mono mer (1) and mi celle (2) sur face andthesensi tive
complexation of ametal (M) with L ad sorbed on S sur face.
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RSD lessthan 4.39%.

EXPERIMENTALSECTION

Apparatus and Materials

Ab sorption spectrawererecorded onaUV/VIS 265
Spectrophotometer (Shimadzu, Ja pan) with 1-cm and thein-
di vid ual absorbance was measured on aModel 722 spectro-
photometer (Shanghai Analyti cal Instruments) with2-cm
cells. Theconductiv ity meter, Model DDS-11A (Tianjin Sec.
Anal.Instrument.) wasusedtomeasureconductivity together
withModel DJS-1 conductivity immer sionelectrode (elec
trode con stant 0.98, Shang hai Tienkuang Device Works) in
productionof deionizedwater below 0.5 (mAcm) ™. The pH of
solutionswasmeasured onapHS-2C acidity meter (Leici In-
strument, Shanghai) and Model 630D pH Pen (Shanghai
Ren'’ sElectric). Thetem per aturewasadjusted and remained
constantinan electri 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 dissolv ing cetyl trimethylammonium bro mide (CTAB)
(Shang hai Chemi cal ReagentsCentre) at 40°C in deionized
water and then 1.00 mM CTAB was pre pared daily. BPR so-
lution (0.500 mM) was pre pared by dissolv ing 0.1590 g of
bromo-pyrogallol red (BPR, content 88%, produced by
Shang hai 3 Re agents) in 500 mL of deionized water. 1.92
nmol/l (BPR*CTAB),s ag gregate (containing 0.300 mM
BPR) was pre pared by mix ing 100 mL of 0.500 mM BPR, 34
mL of 5.0mM CTAB, 10mL of pH 6.0 buffer solutionand 23
mL of deionized water. It can be used af ter 20 min. The stan-
dardMosolution, 10.0 ng Mo/mL was pre pared by dis solv-
ing am mo nium molybdatein deionized water. Theacetate
and ammo nium buffer solutionsbetween pH 4.5and 10were
usedtoadjusttheacidity of solutions. Themask ing reagent,
5% EDTA-2Nawaspreparedinthedeter mi nationof molyb-
denumtraces, whichwasusedtocomplex other transi tion, al-
kalineearthand maingroup met als.

Methods
Adsorption of BPR on CTAB micelles

Intoa25mL cal i brated flask were added 0.200nmmol of
CTAB, 2.5mL of buffer solutionand aknownamount of BPR
solution. Themix turewasdi luted to 25 mL with deionized
water and mixed thor oughly. Af ter 5 min, absorbanceswere
measured at 545 and 610 nm, respectively, against thereagent
blank treated in the same way with out CTAB, and then A ¢ of
theadsorptionproductwascal culated.
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Determination of molybdenum in samples

A knownvol umeof asamplesolutioncontainingless
than 10 ng of Mo was placed in a25 mL flask. To whichwas
added 2.5 mL of pH 6.0 buffer, 1 mL of the mask ing re agent
and 3.0 mL of 1.92 mmol/l (BPR,*CTAB),s aggregate. Itwas
di luted to 25 mL and mixed well, then put in a40°C constant
tem per aturebathfor reacting 20 min; absorbancesweremea
suredat 575and 615 nm, respectively, against areagent blank
without Moand A cof theter nary complexwascal culated.

RESULTS AND DISCUSSION

Spectral Analysis
The interaction of BPR with CTAB

Theab sorption spectraof theCTAB-BPR solutionat
pH 6.0 are shown in Fig. 2, where 0.200 mmol of CTAB and
0.250 mmol of BPR were added. From curve 1, theratio of
absorbance of the CTAB-BPR so lu tion at 545 nmto that at
610 nmap proachesmini mumand re mainscon stant whenthe
mo lar number ratioof CTAB toBPRisover 2. So CTAB may
adsorb the com plete BPR when mixed with 2.0 nmol of
CTAB and 0.60nmmol of BPR at pH 6.0. Thisindi catesnofree
BPRinsuchasolutionand curve4 givesthesolution’ sspec-
trum. Wefind that the spec tral peak of BPR so lutionislo
cated at 555 nm and that of the ad sorp tion ag gre gate at 560
nm. Thespectral red shiftisonly 5nm. How ever, therel ative
spectral peak and val ley arelo cated at 545 and 610 nm from
curve 3. So thetwo wavelengthswere used in the study of the
ad sorption. From curves2 and 4, thecor rection coef fi cients
werecal culatedtobeb; =0.110 and a; = 1.30. Therefore, A,
=1.17 (DA-0.110DA¢ for cal culating real ab sorption of the
CTAB-BPRaggregate.
The coordination between BPR in the aggregate and Mo

Theabsorptionspectraof theCTAB-BPR-Mosolutions
and that of their ternarycomplex areshownin Fig. 2. By com-
par ing curves 5 and 2, we ob serve the peak of the ter nary
complexislocatedat 615 nm. Thespectral peak of theter nary
complexis55nmlonger thanthat of the CTAB-BPR prod uct.
From curve 6, the peak and val ley of the CTAB-BPR-Mo
mix turearelo cated at 615 and 575 nm, re spectively. Sothe
two wave lengths were used in this work. From curves 2 and
5, b2 =0.248 and a, = 0.638. Therefore, Ac = 1.19(DA-
0.248DA ¢ for cal culat ing thereal absorbance of theter nary
complex.

Ef fect of pH on Aggregation of BPR on CTAB
By vary ing the pH of asolution, theab sorp tion of the
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CTAB-BPR solutionwasmeasured and the ef fect of pH on

thead sorptionratio of BPRto CTAB isshowninFig. 3. From
curvel, weob servethat thein creaseof acidity of asolution

causesadecreasein absorbance. Thisisat trib uted to thefact

that BPR contains more negative charges until BPR® is
formedinastrong basic solution. A stain with more charges
iseasier to beat tracted by the op po site point charge. How-

ever, by compar ingthedif fer encebetweencurvesland2and
consideringthereactionselectivity betweenMoandBPR,we
selected pH 6.0 here.

Effect of Tem per a ture on Ag gre ga tion of BPR
Atvarioustemper atures, theadsorptionratioof BPRto
0
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Fig. 2. Absorption spectraof BPR, BPR-CTAB and
Mo-BPR-CTAB solutionsat pH 6.0: 1- vari &
tion of Absorbancesssnm and Absorbancesionm
of theBPR-CTAB solutionswithanincreasein
CTAB (be tween 0 and 5 nmol) which all con-
tain 0.25mmol of BPR; 2- BPR (0.25 nmol) so-
lutionagainst water; 3- BPR-CTAB aggregate
solutionnot containingfreeBPR against water;
4- BPR (0.60 mmol)-CTAB (1.80 nrmol) solu-
tion against a reagent blank; 5- BPR (0.60
nmol)- CTAB-Mo (5.0 mmol) complex solution
not containing freeBPR-CTAB prod uct agai nst
water and 6- BPR (0.60mmol)-CTAB-Mo (20.0
ng) solutionagainst areagent blank.
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CTABisshowninFig. 4. Thead sorptionratiodecreaseswith
anincreaseintemper ature, especially over 70 °C. Thisis at-
trib uted to thefact that the higher tem per aturewill causethe
rapid desorption of BPR fromthe CTAB sur face. Such aphe-
nomenonisinac cor dancewiththecom monlaw of sur face
adsorption.

Ef fect of Time on Ag gre ga tion of BPR on CTAB
Atatemper atureof 10°C, the ef fect of time onthe ad-
sorptioninter actionbetween CTAB andBPRisshowninFig.
5.Curvesland2indi catethatthe CTAB-BPRad sorptionre-
action at pH 6 ap proachesamax i mumin 5 min. Curves 3-6
givetheef fect of timeonthecom plex reactionbetween BPR
intheCTAB-BPRaggregateandMointhepresenceof EDTA
at tem per aturesof 10and 40°C. From curves 3 and 4, there-
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Fig. 3. Ef fect of pH on the absorbance of the BPR-
CTAB solutionsall containing0.250 mmol of

BPR and 0.200 mmol of CTAB: 1- at 610 nm
and 2- at 545 nm, both against water.
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Fig. 4. Ef fect of tem per atureonthereal absorbance of
theBPR-CTAB aggregateinthesolutionscon
taining: 1- 2.00 mmol of BPR and 5.0 nmol of
CTAB and 2- 2.00 mmol of BPR and 2.50 nmol
of CTAB.
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actionisslow at 10 °C. It becomesvery fast at tem per atures
of 40 °C. So the absorbance measure ment of the CTAB-BPR
ad sorptionsolutionwascar ried out af ter 5min at roomtem-
per atureand that of theter nary com plex was made af ter 20
min at tem per aturesof 40°C.

Ef fect of BPR Concentration
The adsorption of BPR on CTAB

By vary ingthe BPR con centration, theab sorption of
thead sorptionsolutionswasmeasured. Cal culationsof their
C. and gandtheir relation shipisshowninFig. 6. Weob serve
that curve C;* vs. gtislinear (correctioncoef fi cientR =
0.993). So, the adsorption of BPR on CTAB obeys the
Langmuir monolayer ad sorption. Theregressionequationis
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Absorbance
(=]
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0 10 20 30 40 50 60 70

Reaction time, min

Fig. 5. Ef fect of the time on absorbances of the BPR-
CTAB solution (1- at 610 nm and 2- at 545 nm)
containing0.250 mmol of BPR and 0.200 nmol
of CTAB and those of Mo-BPR-CTAB so lu-
tions (3- and 5- at 615 nm and 4- and 6- at 575
nm) (solutioncontaining 0.60mmol of BPR-
CTAB prod uct and 20.0 g of Mo). all against
reagent blank. 1-, 2-, 3- and 4- at 10°C and both
5- and 6- at 40 °C.
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Fig. 6. g1vs.C.™%, (C unit:mmol/l).
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g'=0.504 + 0.806 C;* (C; - "M). Sothead sorptionconstant
wascal culatedtobeK =6.20" 10° andthead sorptionratio of
CTABtoBPRtobeN =2.0. When CTAB ismorethan CMC
0.96 mM, thelargeag gregate (BPR2*CTAB) s will beformed.
Thereal (not ap par ent) molar ab sorptivi ty of theag gregate
mi cellewascal culatedtobe &°°™ = 1.40~ 10° Imol™cm™.
The complex reaction between BPR in the aggregate

and Mo

In fact, 1.92 mmol/l (BPR.*CTAB),s aggregate was
formedinthesolutioninitially containing 0.300 mM BPR
and1.0mM CTAB because CTAB concentrationismorethan
CMC. Suchasolutionwaspreparedin“Materias’ for sens-
tively complexing Mo. By varying the addition of the
(BPR2*CTAB);ssolution, theter nary complex solutionwas
measuredand h of the (BPR2*CTAB) s prod uct andg of com-
plex were both cal cu lated. Their curves are shownin Fig. 7.
Fromcurve 2, we seethat thecompossi tionratiog of BPR to
Mo reaches maximum at 2 when the addition of the
(BPR:*CTAB);ssolutionismorethan 2.0 mL. Therefore, the
fi nal ter nary complexisex pressedasMo*BPR2*CTAB. Inthe
quanti tativedeter mi nationof molybdenuminsamples, 3.0
mL of the (BPR2*CTAB)s aggregatesolutionwasadded.
From curve 1, wefind that the ef fec tive (BPR.*CTAB);s ag-
gre gate takes up only 50%, so half of the (BPR2*CTAB);s ag-
gregateisfreeinthesolution. Beyondall doubt, such ex cess
of theag gre gatewill af fect the absorbance measure ment of
theter nary complex.

Inthedeter mi nationof thead sorptionor complexratio
and equi librium constant, thespectral cor rectionmethodis
advancedinoper ationand princi pleby comparingwithclas
si cal meth ods such asthe Scatchard model,”® molarratios,*®
continuousvariations'’ and equi libriummovement.™®

Calibration Graph and Pre cision for De ter mina tion of Mo
Accordingtotherecom mended pro cedures, thestan

25

0.0 2.0 4.0 6.0
Addition of 1.92 4 M (BPR:CTAB)zs, ml

Fig. 7. Effectof additionof theBPR-CTAB aggregate
on h (1) and g(2) of BPRto Mo (so lu tion con-
taining20.0mg of M o).
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dardseriesof molybdenumsolutionswereprepared and mea

suredat pH 6.0usingtheBPR-CTAB aggregateasreactantin
the presence of EDTA. The regression equation is. 4. =

0.0309x - 0.042 (x-Mo, ng). From the slopes of curves, the
molar absorptivity of complexwascal culatedtobe ¢, %™ =
7.43" 10*Imol™*cm™ and expparent ™™™ = 5.74" 10* Imol *em™.

Sothecor rectionmethod hashigher sensi tivity thanor di nary

spectrophotometry. Six repli cated deter mi nationsof 5.00and
25.0 ngof standardMo(V1) gavetherel ativestandarddevi a

tionRSD = 2.8 and 1.1% for the cor rection method but RSD =
9.6 and 5.2%for or di nary spectrophotometry. So the cor rec-

tionmethod hashigher preci sionthanor di nary spectro photo-

metry. Thedetectionlimit of Mo for 4. = 0.010 was cal cu-

lated to be 0.30 ngin25mL of solution.

Ef fect of For eign Ions

By addingthe EDTA solution, noneof thefol lowing
ionsaf fected thedi rect deter mi nation of 20.0 g of molybde-
num (V1) (er ror lessthan 10%): 0.5 mg of a kalineearthsand
commonanions, e.g. Cl, Ca?*, Mg?*, F and PO,*, 0.2 mg of
AI(I), Zn(11), Po(I1), As(111) and 0.1 mg of Ni(I1), Fe(ll, I11),
Cu(ll), Mn(V1), Co(Il), Cd(I1) and Hg(l1).

Determination of Mo in Sample

Two sam plesweredeter mined. Sample1lwassampled
from Huaihe River sam ple2fromalo cal sew agepipe. Inthe
sam ples, dropsof stan dard Mo so lu tion were added. Thede-
ter mi nationresultsaregivenin Tablel. Weseethat there-
cov ery of stan dard Mo isbetween 97.4 and 107% and the
RSD lessthan 4.37%.

CONCLUSION

Theinvesti gationof theinteractionof BPRwithCTAB
mi cellesup portsthemonolayer ad sorptionof BPRmol ecules
on mi celles. Though the MPASC tech nique has not given a
higher sensi tiv ity than other meth ods such asRL S.** How-
ever, itmay meet preci sionand accuracy cri teriaand of fers

Table 1. Determination of Mo in Samples

Sample Added, ng Found, my'10 mL Recovery, %
Number
1# 0.000 3.31+£015
RSD 4.39%
5.00 8.18+ 0.22 974
24 0.000 595+ 0.14
RSD 2.37%
5.00 11.3+0.31 107

Gao

thead di tional benefitsof simplicity andver satil ity. Westill
under standtheclassi cal sepctrophotometric method can play
animpor tant roleinthesyn er gismof surfactant mi celle, e.g.
solubilizationandenhancedsensi tivity andtheir appli cation
tothequanti tativedeter mi nationof metal traces.
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