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Spectrophotometric determination of ionic surfactants on the basis of
a color change of fluorescein dyes with a quaternary ammonium ion
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A method for the spectrophotometric determination of ionic surfactants (cationic sur-
factants (CS™), such as quaternary ammonium salts containing a long-chain alkyl group,
and anionic surfactants, such as sodium lauryl sulfate (LS )) with Fluorescein dyes (Rose
Bengal(RB), Phloxine B(PhB)), has been developed. The addition of CS" to RB or a
PhB solution buffered at pH 3 leads to an increase in the absorbance at 568 nm or 558
nm, respectively; also, when LS~ is added to the solution, the absorbance at 568 nm or
558 nm decreases with increasing amounts of LS . This decrease in absorbance is caused
by an ion association of QS+ with LSv The calibration gmph based on this principle
shows linearity up to 1 X 107" M of CS" and from 2% 10 ° to 1 X 107> M of LS~ with RB
and up to 1 X 107" M of CS" and LS~ with PhB. The proposed method is simple and
rapid, and there is no use of toxic organic solvents. It was applied to the determination
of anionic surfactants in commercial detergents, the results of which were in good agree-
ment with those of the JIS titration method (Epton method).

Keywords : spectrophotometry; determination of ionic surfactants; Rose Bengal;
Phloxine B; ion association of quaternary ammonium ion with anionic surfac-

tants.
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W EAMEAS OTEE BCPHE)Y, ara—Ly

(CR) * FE=NT7F LA ¥ (TP) ZHWHHMHE CS' @

LY hHaus FEEIc X b A 4 MR ER o ik
(BCPB ), 71 A7 Au—)b S 2R E 3 il
IZ& B4 F YRS OB RE (CAS ) W R M5

L72. BCP I 107 °~107" M A — 4 —? AS” & ightd
HIENTEDLN, Ny FEICLY CS" 2 ERT D72
DDLEMIHET. STV RV, AST & LTS ) VR
F VUL (LS) THWIEDEVYOLRIIEE &
Z6x10°dm’mol 'cm ' THo72. CR LU TP i
0 °~107MFA=F—DCS" ZERTHIENTED
P, AS” OERIEEMETH L, ST ELTTF I F YNV
VAFNRYTINT VEZT A7 8Y KN (Zeph) &M
WM O VISR ELE F N E R 1.5 X 107, 5.8 X
10" dm® mol ' em™ ' Td o 2. BCPB & CAS Bt
W MA—=F—DAS K10 °~10 "MF—=F—0
CS' HHIERSERTHIENTELD, 10°M A —
F—DWMRED AS” RO CS" ORI TH 5.

R TIEL — ARV, 70F VB, TNV R
ThN—, FUNRYT =, RNF TN~ B FaFy
FTE=TN—, BV —SIZDWTKIERIZBT
LY LR T VR NI B R OB T VBT A
OB A F v BTG R & OB 2R~ v —A
NYHN, 70FT Y BDTNE LA VRPERID
WK E NI R R L, BOBRERIC LS4 4 v
PERE GGV O sE w04 LSRR S, FofolsfE
EREL LD THIET S, U—AXYFT V& 728
1, Zeph KT LS IZDWTOE VISR IZZ 2R
458 X 10%, 4.68 X 10" dm’mol ' em™ ' TH o7z XL,
TuF Yy B WS, Zeph LUTLS IZ2WTO
TIVWOER B E R F 272 X 10", 2.43 X 10" dm”®
mol 'em ' THh o, BEDOHET Zeph IZ2WTHE TP
P2, LS DWW BCP 2% A%, REE 704 L
A URREREHGD 10 MF =5 =D CS" KUTAS
O )7 O T & € 8T & B - Rk i TH
0, AR R U2 WERBEICHE L7z A 4 PR
WA OF M E & Th 5.

2.1 & &

EIERERT: WOBHE K O A X7 b OREIZIEH
AGPIEBE Ubest-560 BIEERERT 2 v, IV IEOLIRER
10 mm OFELIVEMEH L7z,

pH E: H A7 — Y3 F8DP pH X — % — % /-,
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e o— ARV ANV (RB), 7uF B
(PhB), T/NY AT )V— (EB), MUY TIh— (TB),
N5V TN — (PaB), B FaF I+ 7 b=V T —
(HNB), ®>v—s (PS, L EADGHMIER) oL EE
IR S, B

B A o~ RIS WRIER: YV Y AF LT VED
A7 u1) P O(DTMA, #iE95% b)), P72 by
AFNT rEZYAZEY R (DDTMA), 7 957
VR AF T UvEZYLZTY R (TDTMA, HFE
98% Llb), EF NV MY RAFNMTyEST AT R
(CTMA, #IE95% MLE), AFTYUNVNYXFLT ¥
B A1) K (STMA, #EE97% LLE, Dbk, 3R
AL, S P I F YNV RAF IR I T VEDY
LAY R (¥74F 3 Zeph, #iBE98% Ll b, [F
FALFED), EF VI AFAXRVINT VBT AT T
J F (CDMBA, #iFE 95% DL, WEALEE) ou3
MR IEAEICE DD, ARWCES L THW 2, EHICEL
T, KCEMIZHERL THW .

M4 A o BB EAIER: 97 ) VERBT S U T A
(LS, HEE 98.2%, FDGAIZER) OLEEZ EMICED
Y, KRICEDPLTHW 2, #AICELT, KT
FFRL T,

A F v BRI R: R F L vy a—E
Jp=K 7 FNT 2 2T — T (TX-100, HEALHK
W), R)AFYTFL(20)FNVI—F ) (Brij 58,
AOGHSES) oBEEA FEMHICE DD, KICEPLT
vz, IS LT, KRCERICHERL THWA.

KA 0.1 M OTRlE, FERE, BRI AL O
WH DB Z T, D pH & 1.6~ 5.6 DFIZ
AL 72,

2-3 REERIEXR

2:3:1 RB ZAV3%5E

(CS" D5 Hes) 25 ml D AT & HERE 12 6 %
10°"M @ RB/KEW 1 ml, 0.1 MEFEEE 1 ml, 0.2
w/v% TX-100 ¥ 1 ml, CS™ BEHAM 7 ml 2L,
BAET A, BHKEMNIEE LT 568 nm TOWSLRE % #l
T .

(AS™ O ERARE) 25 ml O At & BT 12 AS”
AUEHATE 7 ml, 210" M Zeph ¥ 1 ml, 0.1 M B:f
B 1ml, 6X 107" M RBAREBHE Iml 2L, BE
T 5. HEAKERHE LT 568 nm TOWIGE %2 JlEd
5.
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Table 1 Interaction between dye and cationic surfactant

Dye" pH 2/nm"” AA? Color change Conditions
RB 3.2 568 (s) 0.527 colorless-reddish violet 2% 107°MRB
5 X 107° M Zeph
0.270 . 6xX10°MRB
6% 10"° M Zeph
PhB 2.6 558 (s) 0.412 colorless-pink 2% 107° M PhB
5% 107" M Zeph
0.160 3.6 X 10°° M PhB
6 X 10"° M Zeph
EB 3.8 602 (b) - 1.070 blue-violet 2x10°MEB
5% 107° M Zeph
0.119 1.8 X 10" M EB
6 % 107° M Zeph
TB 5.1 615 (s) 0.148 bluish violet-bright blue 2% 107°M TB

5% 107" M Zeph

a) RB, Rose Bengal; PhB Phloxine B; EB, Evans Blue; TB, Trypan Blue. b) wavelength at absorption maximum:
s, sample solution; b, blank solution. ¢) AA = absorbance (sample)-absorbance (reagent blank).

2:3°2 PhB ZHWL354

(CS" o5& ' AE) 25 ml O LR fF & FUBRAE I 1.4}
3.6 X 10"* M PhB KA 1 ml, 0.02 M BEEEIEHL 1 ml,
S BBHENE 8 ml BRI L, BAT 5. BEAEHH 121
L LT 558nm TOWIGEZMlET . £ 1.0k

(AS™ O ERHAE) 25 ml DA X FHBREIZ AS” §
ABHAW 7 ml, 2 X 107" M Zeph ¥ 1 ml, 0.02 M 4 © o8t
MRV 1 ml, 3.6 X 107" M PhB K 1 ml ML, =
BET 2. BEAKEZMNIRE LT 558 nm TOWIEIE % 2 061
Y5, <

0.4+
3 KRR UEE

31 REOPE 0.2r

1.6~5.6 ® pH FIRDKFEWIZ 51T % RB, PhB, EB, o L
TB, PaB, HNB, PS & CS™ & OMENEH ICo W CHE 1

L7z. GS" & LT Zeph # M) L 7. RB, PhB, EB,

TB 12DV TId Zeph & DAHEAEH THMENL L 2. K Fig. 1 Effect of pH

WU A SR A T ORI AAL L & Table 12787 2% 10° M Rose Bengal; 5 X 107> M Zeph; sample
RB, PhB (20T I3 i3 22 3R E D IR pH FHIRIC B @, rcagent blank O; ref, distilled water

JAERERLZ. EBIE 5 X 107°M @ Zeph & DMK
ER TR E CHOBEZLT 275, 6% 107" M O
D Zeph TIEPOLEEILRIIDA S V. 107 M A —F—  BUOBUSICHT 5 pH OEELERT. 1.6~ 3.8 DKW
DRIRED CS™ ABZ R L T 554, RBLO PhB  pH K T 225 BRSO WU K 13 546 nm (CFEET
VDI EPEELL, DA, JeBE LTRB & PhB 575, WIUI/NE W, SIUIEETEATE T RB JeBHE £ 4

FHOBGEIZOWTHRE L. VIEH AL TEROOSTHE LTHEEL TS
WTHH. 7, TOpHEHIZBWT CS™ & FFES
32 RB &FFEUEME & OHEEIER wHETT N ARSI Y RBEEREAL v L st

3:2°1 pH®DEE  Fig. 112 Zeph D RBICKITT P44 VAW ERIKT 5720, WIIUEKXIZ 568 nm (&
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Fig. 2 Absorption spectra 0 1 1 L L 1
Zeph': (1) 5x 107" M, (2) 0 M; 2% 10 ° M Rose 1 2 3 4 5
Bengal; 0.02 M CHsCOOH;; ref., distilled water Concentration of nonionic

surfactant/10 2w/v%

Fig. 4 Effect of concentration of nonionic surfac-
tant

6 X 107" M Rose Bengal; 0.02 M CH;COOH; non-
ionic surfactant: @ TX-100, B Brij 58

1.5

N7 MV Fig. 2117
3-2:2 RBIREDFHE  Fig. 3T RBIRE & RIUHR
KERIZTBIF2UOLEORKRERT. 2B T,
RB B ORI, D30I SRR oA E 5 h
é.ﬁ/7»mmfi RB & DM, 6 X
MifiW%f@Ww#ﬁ%ﬂ%#,%ﬂuL@
RBﬁJ %éklﬁli%muﬁ¢7é.:ﬂu6x
ML RBIBEIZARDE, RO TECSTED
4ixgn%®@W IR SNB720TH L. D
l LR, REER R RIETIE, 2R
¢ 2 4 6 8 10 VT VDY AR TH B 6% 107" M RB i1 %

Concentration of Rose AVAS

Bengal/10™°M 323 A A CREEUHOZE I+ > Ril
PRI OISR S W21 F v &Eh e R s e, R
0.02 M CHsCOOH; 5% 107" M Zeph'; sample @, ~ THAMERESEL L LIS, MEOHLLOMFFTS 2.
reagent blank (RB) O: ref,, distilled water; sample A A P RIEEA S LT, AF T nF L EOBEEMR
A ref, RB B éTKmoamu%%mwt.mg4r#4%>%
T PR B & WU DR RS B U 2 OB O BdfR % 7R
9. A A HENEERR B OBt v, BOGE O3
&&§v7%b,%ﬂ@k%<&@,%ﬁi%%&k% MABRSNBH, THIERBIFEA F » BEEHA 3 &

Abs at 568nm

0.5

Fig. 3 Effect of concentration of Rose Bengal

L X, pHAS UL ETIEY Vv, R Viciiii s s Thr L Bbhs. A XYL Y
’Mnawnmfmﬁ CEEDKRE e B, 22BROMEA M % 20 fFED Brij 58 DI A F v F L v HEE 10

INE L, Y TV & 2B OWOLEEEA R E v D TX-100 &0 AR FUERE PR CIOLEE O 15
pH 8.2 LAY CS™ DERICIIRHE CTH L. Lk, Wik  2iohs. Lal, 344 Y REEEHAORINI X 5
B W CHIO pH & 82 AP HICIEE Lz, WA ZERBRIHO LA E LS v, T, DB FERT

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

W

1d TX-100 & 0.02 w/v% {FIES 5 T L2 L7,

324 14 HEREEEAOERE  2:3 1 O RE
YEIZAE o TA A VPR INEER 2 2@ L7z, DTMA %
Bl cSTICB T, ST ORI E L B2, 568 nm
TOWHEIIKREL Ro72, 0~1X107°M D CS™
FEPH CHEARBIRAIOL L 72, MBS OMBIAEIT TR
M CS" b 0.999 PR L. X, 4%10°M Zeph |2
DWTHDRLEER (n=38) 2{To/&I s, M
HEE (RSD) 1E3.83% & o7z, RENT 0V ER
B () DK ESIEDDIMA (e = 1.10 x 10°) < TDTMA
(e =3.62 X 10") < CDMBA (& = 4.28 x 10") < STMA
(e =4.33 % 10") < Zeph (& =4.58 x 10") < CTMA
(€ =4.66x10") THhol., TOILETMFILIY R
FNT VEZTLHDTIVEFNVED n S 10LTOH D
10 LD REVDDOLTERIIBIZEIRMD D B &
BRA5F, MRKEROKE % CS" CTIROERIRMED 4
WIZEERLTWAS, AS” OERETIEAS 10 LTl
WHE WV E 568 nm (IXBIT WL REITRKE L, W
BHAWIZ M E 2 5. HITAS™ ®A v & 568 nm (2
B AWOEERA RIS, SRS I RER IR
5. AST DERTIT TX-100 B FASELZWITI B
WEEE DM DEAIEKE V. X, Zeph WHIEE O
WiEH) ASAS” DERICBITAEEDE V. 2X10°°M
Zeph Wl EZ H W72 %6, 2x107°~1x 10 °M D LS
TR P PR CAR I AR O LR VLR 0 370, AR oo M AR
B —0999 2R L7 X, 4x107°M LS DWW T#E
DIRLEE (n=3) #{To/2& 25, RSDIZ1.0% &
otz RAENTOEVIBOEREIL 4.68 X 10" dm® mol ™!
em 'THol. RFECEID, 100°MLANLVO CST -
AS AERTAHIENTES.

3+3 PhB &FRENEMRI & DHEEER

PhBIXRB LRI U7 VA LA Y REHTHY, R
EHEH E OMEERICL A2EREIO A H =X L
$:2:1~3 24 R LB HERIBETH .

3:3:1 AFCHREELHOEED /- DRBERMA
X CS" DERIZHEM 7 pH L 25 fFETH -

72 WRERETE HF\T, B pH & 2.5 [T ICIREE L
72. PhB IR OS2 MG L7, Z2lliiis & 4
VTNVEBROBRNEEN RN TH S 3.6 % 107" M PhB
VR & FENE R ORI e 7z, JBEA A v RG]
DB A Lo E, TX-100, Brij 58 12 0.05
w/v% FCOHRETEWRED LFIIbTNTH - 7.
RB D& & AT, JEA o v FUHTE A OB/ &

W, PIBF = 7V Lo £ SRR A RIS 5 A o 2 PERTRE P OOt it 91

V. LA L, TX-100 28¢5 &, MO RSN
BHEL ol HEoTC, 4 F I PFMTEER O E 5 ok
1213 TX-100 Z¥RIM Lz &z L7z,

332 AAHREBREFOEE 2-3-20%R
PRI T, A F RIS % 2R L7, DIMA
L CSTICBWT, CSTIBEORIME £ BT, 558
nm TOPOBEIZKE Koz, TDTMA DO WTIZ0
~8X10°°M, ZDMD CST 12OV TIZ0~1%107°M
O CS" BEEEHIPCHEABERD L L, MR o
HREIE DDTMA T 0.992, TDTMA T 0.995, CTMA T
0.996, STMA-CDMBA T 0.998, Zeph T 0.999 % /K L
7z X, 4% 107°M Zeph IZDWTHED R LER (o=
3) Bifo/zl A, RSDIZ25% &eoie. R#HTo
ENVPOLRE (e) DKE S DDTMA (e =1.12 X
10Y) < TDTMA (g = 2.29 X 10*) < Zeph (g = 2.72 X
10*) < CDMBA (g = 2.77 X 10") < CTMA (g = 2.82 x
10") <STMA (e =287 % 10") TdH-o72. RBOWH L
e, RS L O AR O AR IS T BV, AST
FEDOBNNZAEYY, 558 nm 12 BT B WG EE L BRI 9%
5B, 0~8x 10 °M @ LS IRIEH P THRER OB R
PEEL Y 2o, REROMBREE -0.999 ZR L7z,
N, 4X 10 MLSIZDOWTHREY ELER (n=3) 217
27T A, RSDIX1.7% & olz. RENFTOE VL
BT 243 X 10 dm® mol L em ™ Tdh - 72 RKEIC &
D, 10°°M L RVOBAF Y - AS” 2ERTHIED
T&5.

34 EEERBAOIH

KEEHHEEA PO AS™ OEGFREEICEH L. B
LT IRZERI I AS” 22 TR L, A A VR
A - RS EA S EEN T 5, A4 VR
MEEHIORBP PRV PhB EEFRA L. #HSR
TWhHAS EEMT7TVFVEZELLOTI~3HHT
HoH. KEE sE (Epton ) oFhZFhIZOoNWT
AS™ OFEHERIE & L C LS % M\ 5 ik TR o
7ok M % Table 212789, Table 2 IZ/R Lz ERMIE
LS PR 2 JRdEE LTI L 72 D TH B, Rk JIS
WEOMIFIZIF—BLCBY, #FOHEEAFICETR
5 AST DERBIZIETHMHTE 2 Z &9 07 &
1, 2 CIHISEEBRLZIEHT VI AN EY 2N
RUBFPIT A, TUFAEBRIAFIVF MY oA,
TIWT 7 ANVKERHBRI ATV M), FREEET b
T ADAS BELETNTEY, AS DEEICEW
TINHLDAS & Zeph & DA F Y EHETIH LS &K
LTCHWD, REERIC X2 ERFBRIZJISTEICLS
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Determination of anionic surfactants in
commercial samples

Table 2

Anionic surfactants, %

Sample Spectrophotometric JIs
method with PhB mehod
1 244+ 1.1 29.4 = 0.0
2 15.2 £ 0.1 19.3 = 0.2
3 4.0 £ 0.1 4.1 £0.1
4 5.7%0.2 7.4 *02

f Samples 1 and 2, synthetic detergents for washing;
samples 3 and 4, synthetic detergents for kitchen.
The total content of the surfactants in sample 1 is
41% and the surfactants are sodium linear-alkylben-
zenesulfonate, sodium alkyl sulfate and slkylpoly-
oxyethylene ether. The total content of the surfac-
tants in sample 2 is 32% and the surfactants are sodi-
um linear-alkylbenzenesulfonate, sodium a-sulfocar-
boxylic ester and sodium carboxylate. The total
content of the surfactants in sample 3 is 23% and
the surfactants are sodium alkyl ether sulfate and
alkylamine oxide.
tant in sample 4 is 48% and the surfactants are sodi-
um alkyl ether sulfate, alkylamine oxide, carboxylic
alkanolamide and alkylbetain. Mean value * stan-
dard deviation (three measurements). These val-
ues were determined by assuming that anionic sur-
JIS method:

The total content of the surfac-

factants in the samples were LS .
Epton method.

MEHK LTINS bbb LBbhs, ISEIEZAT
Ly TIV—BAF v AS & DA F v aftkE 7 Tk

VAHNZHI 8¢5 HETH Y, 14 v SHMERICH
%L&wxEWQ®%@@&&w#,WE@Asmmm
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EHEETHY, 10°M A —F—DAS DiEREWNHRE L
RMETETH L. T, RERZIOCMF—F—0
CS™ + AS BERTAHI EDTE LR - HERHE S

BTHY, BB - ENCHEE LS 7ok A el
JHL 2w EOR R & Fio T 5,
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£ B

TN LA YRR (Q—AXYHIVRB, 7EF YV B:PhB) #HWT, KRS RIS
BRI XY, 4 F SRS ER % 2 5 FEC oW TRE Lz, B 7 VR Vi REo8
PR T VB = WO A 4 Y RIEEER [CST : CHaw (N'(CHy)s, 7 =12~ 18; C,Ha,1 (CH3)oN"
CH,CsHs, n = 14, 16] (& pH 3% CRB ik PhB & JUG L, N2 568 Xid 558 nm TOYPILHEE
rHAEEE. X, S REBA T REEERITH L Ty ) VRS P A LST) ERELRA TV
KENRETERT 5. ?;éof EEOCST OFEAET TR LS BoMicEyy, RB Tt 568, PhB Tl
558 nm TOWILEIZME T T 5. RBAZHWAYE, CS" & LS OERBEHMIIZNZN0~1 %107,
29X 10 °~1X10°M Tho/z. CS" DERIZBWT, RBE CS" DA F Y &R EIEA /WF(M
#I % fﬁb\/kG_T(ﬁ{Léﬁf’ PhB % W A8, CS™ & LS™ OERmEIEHPIIZZhENh 0~1% 107"
(EL, —8o Ccs" #k<), 0~8x 10°°M TH o 7. REVTOE VIR (6/10* dm® mol ' em ™)
I3 CS": 1.10~4.66 (RB), 1.12~2.87 (PhB); LS :4.84 (RB), 243 (PhB) Th -7z AiEiE107°
M F— ¥ —D A4 F YEREEERIOMAE - Ml e mikTh b, OIS E TN B 4 2 RIS
PR AL IS (Epton 1) 1CX D s LR, WEoMidEie—8 L2,
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