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Rapid determination of cationic surfactants in an aqueous medium by the ion-
association titration method coupled with a streaming potential detector
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An jon-association titration method coupled with a streaming potential detector was de-
veloped for the determination of cationic surfactants in a one-phase aqueous system.
Dodecyl sulfate ion (LS~ ) was used as a titrant for cationic surfactants in a direct titra-
tion method. LS~ was added to a cationic surfactant solution, and a potential change
from positive to negative was observed. The end point was read from an inflection point
of a differential curve. Direct and indirect titration methods for the determination of
cationic surfactants were examined. The direct titration method was better than the in-
direct titration method with respect to the precision. The usual samples were titrated
within 10 min. Cationic surfactants at concentrations from 10 >~10"> mol dm™* could
be determined by the proposed method. Amine and quaternary ammonium salts could
be determined under both acidic and alkaline conditions. The proposed method was ap-
plied to the determination of various cationic surfactants and cationic surfactants in com-
mercial detergents. The results obtained by the proposed method were in good agree-
ment with those of the JIS titration method (Epton method).

Keywords : determination of cationic surfactants; ion-association titration; aqueous
medium; streaming potential detector.
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Fig. 1 Direct titration curve for cationic surfac-
tants for ion-association titration method with a
streaming potential detector

A: potential curves; B: differential curves. Circle
indicates end-points. Titrant: 5X107° M LS;
Sample: 20 ml of 2X10™% M Zeph™
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Fig. 2 Indirect titration curve for cationic surfac-
tants for ion-association titration method with a
streaming potential detector

A: potential curves; B: differential curves. Circle
indicates end-points. Titrant: 5X 10~ % M Hyamine;
Sample: mixture of 20 ml of 2X107° M Zeph+ and
5ml of 1.5X107° M DBS

BOBA F vV ROEA 4 v REEERIO 4 4 v 2&EH
HEFT B ROTREVDEZEZONS.

X, MEKTREIRELVILEALY, B4+ VD42
Vi EBRETAIHIZ, TY ) —IVTHBREEIT>
72, COBROVEEIT LY, BER® & RREICEIR OE
BHEICBOTH A BRBERRD bz oz,

3.2 MEBYEMIGHEY, HFERSKY pH OZE

mEVEBMRHESEHORELLE L TE, RBEROIERS
B, XM ORE REOHEBICRE), BROKE
DOEBENH 50, BHTHWMED LA + v REEE
Fl &R AER DB SN, XIHFRHSOHEEIIOVTH
FfETH -1z,

BIE pH OHE: BIE pH OREHIARIC R IFTHEI
DWTHRETL, Bl (pH2), ¥ (pH6) RO TIVH
ik (pH11) OWERMR%E Fig. 3 IKRULz. HERD
TIH VEEAET T, /4 Xb/NS < BIFa TR
DELN, BESHETTIR . A ABETFREL, BHE
DELIBHIENFREEIND S DOREIXTHATEET H
Sl BE-T, B, PEROTNVAVEIIENT, £
BOBIENARETH S &b, B (pH2) KUH
M (pH6) £HTTHA 4 v REEHEERORIES, 7



808 BUNSEKI KAGAKU Vol. 46 (1997)
600 600 r 600
1) A 2) 3)
400 400 | 400 |
200 200 | 200

Potential / mV
(=]

-200 -200 |

400 L———————— 400

K 200

L 400 L —

0 5 10 0

5 10 0 5 10

Volume of titrant / ml

Fig. 3 Effect of pH on titration curves for ion-association titration
method with a streaming potential detector

A potential curves; B: differential curves.

Circles indicates end-points.

Titrant: 5X10~° M LS; Sample: 20 ml of 1.5X107* M Zeph™, 1), pH

2;2), pH6; 3), pH 11
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Table 1 Linearity of calibration graph with direct
and indirect ion-association titration
method

Zepht/ Titrant/cm>®

107* mol dm ™3

Direct titration® Indirect titration®

0.00 — 14.24%0.02
0.25 1.10%0.02 13.0510.04
0.50 2.01%+0.03 12.19£0.06
1.00 4.091+0.04 9.92+0.09
1.50 6.22+0.04 8.30%+0.09
2.00 8.17+0.04 6.5610.10
2.50 10.13£0.05 4.561+0.11

a): mean values of three measurements; Regression
graph: Y=kX+b, Y(ml): volume of titrant; k:
slope of the linear line; X (10 *mol dm™%): concen-
tration of Zeph™; &: intercept of ¥ axis

b): titrant, 5 X 107 * M LS; Sample: 0.25 ~ 2.5 X
107*M Zeph™ 20 ml; Regression graph: ¥=4.049
X10°X +0.056

c): titrant, 5 X 107 *M Hyamine; Sample: mix-
ture of 20 ml of analytes (0~2.5X107*M Zeph™)
and 5 ml of 1.5X10” > M DBS; Regression graph:
Y=—3.822X10°X +14.071
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Table 2 Determination of cationic surfactants in
amine and quaternary ammonium salts by
the proposed method

Found, %1
Added, ——m———
Sample Surfactants % . Acidic Alkaline
medium medium
1 DADMA 250 243103 24.5%+0.1
2 DAMA 10.0 9.6+0.1 —
DADMA  25.0 :
+
3 DAMA 10.0 33.6+0.3  24.0%0.1
DADMA  20.0
+
4 DAMA 15.0 333104 19.4%0.1

DADMA: dialkyldimetyl ammonium chloride;
DAMA: dialkylmetylamine; 1: mean valus of three
measurements
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Table 3 Comparison of the proposed method with JIS method (Epton method) in the analysis of commercial de-

tergents as samples

Cationic surfactants (abbreviation)

Cationic surfactants/ %

Proposed method®

—_—

Direct Indirect

JIS method titration titration®
Cetylbenzyldimetyl ammonium chlodire (CBDMA™) 94.4 93.4+0.4 93.11+0.7
Cetylpyridinium chloride (CPy™) 99.8 100.1£0.3 99.0+1.3
Distearyldimethyl ammonium chlodire (DSDMA™) 100.1 100.0£0.5 99.8+0.9
Dipalmityldimethyl ammonium bromide (DPDMA™) 98.6 98.81+0.4 98.9£0.8
Dimyristyldimethyl ammonium bromide (DMDMA™) 99.1 99.3+0.4 99.4%0.9
Dilauryldimethyl ammonium bromide (DLDMA™) 100.4 100.2+0.4 100.1£0.5
Stearyltrimethyl ammonium chloride (STMA ™) 96.3 97.0%+0.4 95.6t1.3
Cetyltrimethyl ammonium bromide (CTMA™) 101.8 101.1+0.4 100.3£0.7
Tetradecyltrimethyl ammonium bromide (TDTMA™) 99.6 99.9+0.3 101.0+0.4

a: mean values of three measurements; b: titrant, 5X 107> M LS; c:

ture of 20 ml of analytes and 5 ml of 1.5X10™2 M DBS

titrant, 5X107° M Hyamine; Sample: mix-
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Fig. 4 Dirtect titration curves for various cationic surfactants for ion-
association titration method with a streaming potential detector

A: potential curves; B: differential curves. Circle indicates end-points.
Titrant: 5X107*M LS; Sample: 20 ml of 2X107* M, 1), CBDMA™;
2), CPy"; 3), DPDMA™; 4), CTMA™
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Fig. 5 Indirect titration curves for various cationic surfactants for ion- .
association titration method with a streaming potential detector

A: potential curves; B: differential curves. Circle indicates end-points.
Titrant: 5X107° M Hyamine; Sample: mixture of 20 ml of 2X107°> M
analytes and 5ml of 1.5X10”2 M DBS, 1), CBDMA™; 2), CPy™*; 3),
DPDMA™Y; 4), CTMA™*
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Fig. 6 Dirtect titration curves for various cationic surfactants for ion-
association titration method with a streaming potential detector

A: potential curves; B: differential curves.

Circle indicates end-points.

Titrant: 5X107°> M LS; Sample: 20 ml of 1.5X107° M, 1), DSDMA™;
2), DLDMA™; 3), MTMA™*

Table 4 Comparison of the proposed method with photometric titration and JIS method (Epton method) in the
analysis of commercial detergents as samples

Cationic surfactants/ %"

Sample Nw? JIS Proposed Photometric
method? method® titration method
Alkyl benzyldimethyl ammonium chloride 354 51.7 51.2%0.6 51.3%0.2
Alkyl trimethyl ammonium chloride 320 29.1 29.6+0.2 30.0£0.3
Alkyl trimethyl ammonium chloride 343 28.5 28.9%0.2 30.1+0.6
Alkyl trimethyl ammonium chloride 395 81.8 81.6%0.3 77.2%£0.6
Dialkyl dimethyl ammonium chloride 489 72.6 73.1%0.6 71.0%£0.6
Dialkyl dimethyl ammonium chloride 563 71.3 76.0+0.3 74.8%£0.5
Dialkyl dimethyl ammonium chloride 557 81.8 81.8+0.4 75.6%£0.6
Dialkyl dimethyl ammonium chloride 581 77.6 77.4%£0.3 73.7£0.6

a: mean molecular weights; b: mean values of three measurements; c: direct titration method; d: indirect titra-
tion method

Table 5 Determination of cationic surfactants in
commercial  softerners by  proposed
method and JIS method (Epton method)

Cationic surfactants, %

Sample

JIS method Proposed method
A 10.6£0.5 10.5%£0.5
B 10.5£0.5 10.4+0.5
C 53104 5.610.4

t: mean values of three measurements.
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