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Summary

A simple and rapid spectrophotometric method for the determination of sodium dodecylsulfate
(SDS), sodium dodecylbenzenesulfonate (SDBS), and sodium dioctylsulfosuccinate (SDOSS) was
established by the reaction of these anionic surfactants and cetyldimethylbenzylammonium ion
(CDMBA*) with bromothymol blue (BTB) and the absorbance measurements were made at 6l4nm,

In the reaction of CDMBA* and BTB, the condition of pH was suitable in the range of 8.5~9.5.
Beer's law did hold in the range of 0~396.6p¢ for SDS, 0~470.4¢9 for SDBS, and 0~622.4ug for
SDOSS. Mahy foreign inorganic ions present in water did not interfere, The average recovery for
anionic surfactants in river water was 96.6~105.2%.

Pihlar % 1986), TLC+ (Yonese %, 1980),
HPLCY (Moores 1983, Lawrence 1987),
Fluorimetry (Rubio-Barroso, 1988) £3} &rcj&
# =t flow injection system$ o|-8% ¥

A g

AR =2t FIE3 R4S g4 P
=& F7RI7171 18 F34A (Zhangs 1982,
Hung¥ 1982, Zhou% 1986, Chen and
Shangguan 1988) 24 A& =3 3l &ol&4A4
AP ARYo 2+ two phase titrimetry (Li
and Rosen 1981, Tsubouchi and Yamamoto
1983) , stripping voltammetry (Kalvoda 1982,

* WEHEAR BITFIETEE

=Y Feol U,

Lol3gE o]8Y% ¥FFxfoz Mukerjee
(1956) € <fol€4 A4£A methylene blue,
pinacyanols}s] e|&3g§ME CHCl, =&
bromobenzeneo 2 F§3led sodium
dodecylsulfate (°|3} SDS# <¢¥) » sodium
dodecylbenzenesulfonate (o]3} SDBS2} <3 §

—-63-



2 Chegju National University Journal Vol 33, (1991)

3= A9Pgon], Waite and Wang (1976) &
basic fuchsindl¢] o|-22¢ A& CHCLE& 7}3}e]
CHCL#& 553nmeld &35 J3ld SDSE#
A¥n, Taguchi(1981)+ bis(2- (5—chloro-2-
pyridylazo) -5-diethylaminophenolato) cobalt (1)
o]l &38| oL YME benzeneo: H{iH
560nmej4 FF=R &P sodium
dioctylsulfosuccinate (°] 3} SDOSS=} <) & 3
F33ict.

Sokoloff and Frigon(1981) € acridine orange
+ A8l YAslE o] YA F toluene H
2% 499nmold F¥= &SAY3o] SDSE AP
sislen], Higuchi¥ (1982) & A4& Weide 1
- (N-methylpyridinium-4-yl-azo) -4~ (4-diethyl-
aminophenylazo) naphthalene iodidet I} R &
Bjof4] Axdeoz A fold4 AUYAAs}
AU FAA doz PYASHE g o4
580nmel 4 F¢x &3] SDS Y SDBS¥ 3
%eislz, Motomizu(1982)+ triphenyimethane#
A4 % methylane bluests] o] HYAE
toluene =+ benzeneo® F@3lo] 615nmofAl
E3= &3 SDOSSE A¥3gic. Flow
injection system§ °l8% ¥FFsloriy
Kawase§ (1979)-2 methylene blues}s] W83
3 445 ol&gAE CHCLo=2 2$3a
poly (tetrafluoroethylene) porous membrane§
2}831e] CHCL % ¥2i3lo] 660nmel4 §3=
243t SDS % SDBS# A#3¥x, Hirai and
Tomokuni (1985) ¥ ethyl violete}s] W87z 4
AslE o|2AYME tolueneE X,
toluene®& 610nmel4 FF= FA3od SDSE
Ag3sict. Valled (1988) € methylene blues}e]
g3 P45l ol 2AYME CHCLE RFo
A polyvinyl difluoride2 #=¥ membrane
phase separator® ¥-2]3l: CHCl,&-§ 660nmei
A F¥E JAYezs SDOSSE Ay,
Motomizu$ (1988) € methylene blues}e] yh-§
A3 A4Sl o] 22YME 1,2-dichlorobenzene
o282 3§89 poly(tetrafluroethylene) porous
membrane® 2 x| =% phase separator® §7|%&
€ 2=tz 658nmelA FFE S SDSE

Al

Fele ¥2F=Yel A Fol4 ARNYLAA
o] AFY§ A", methylene blue,
pinacyanolef s|@ SDS, SDBSs] A4
(Mukerjee, 1956) 2 f714od EAe 471404
3 AW Y& FL435] A §IA B
44§ Y8e 3o, basic fuchsing o4
SDSe| A& (Waite and Wang, 1976)& z&
AN 7} =zo] Pasia, AW Fm4
o] &o] Ao, acridine orangeef 2J¥ SDS
o] AW (Sokoloff and Frigon, 1981)& ¥4
¥ =zo] Yoo, triphenylemthaned A4
X3 methylene blueo] <2} SDOSSe] ek
(Motomizu §. 1982) & F&<l¥ %3 NO, (10*
MojA}) 8] <df}o] =ac),

elof AR F2 A2ohd Loiifz=3e W3}
A Ga =zl A4, Wse], Lol3fol v
# FEo|LY o] AL Aoz A4
2 ¢l bromothymol blue (o]3} BTBa} ¢ = 21
YRR 7l AdF G2 E ol (o3} Q' <
)¢ cetyldimethylbenzylammonium ion (o]8}
CDMBA'#t oFi)§ AHE3te] fo]&4 AWYAY
Mo Y] A= wh,

BTBx bromosulfophthaleind] Ho]-&4 M4
24 AT 2w ARl T2 A LS,
Chatten and Okamura(1973)<= BTBe}s] o3
YAE CHCLe2 :83le F3s SAPo2 A
ambenonium chlorided B2 43 d=¥dE A
3glon], Lowry(1979)+ BTB2te] w473s)
FRE7} Z4sE AE ol bl AMiF U2wd
2l benzalkonium chlonlde, benzethonium
chloride, chlorhexidine gluconated A %3}z,
El-khateeb$ (1988) & BTB2} <}ol24 A4
Aol WA A5 o] UM benzene
o2 %% 630nmold FFs= SARAY
BTBe}e] whg-23 BTBS $357 Z4se A
¥ o]#3 < cetrimide, sapramine I
cetylpyridinium& 33 gict, pH 9 k34 fof
4 BTBol CDMBA'¥® ¥7}3ld AAol4 A3
22 HAstz, o8y A olg] fol4 AR
FA4A(e15l AS= )& Ysksd ASe}

—-64-



Bromothymol Blue—Cetyldimethylbenzylammonium Chloridec] 2| & o] 24 RESHMS xRk 3

CDMBA*7} o] 22§37l of&e] CDMBA'Y ¥
57} Zr43tod CDMBA'Sl BTBe}e] Ab3atg ol
A==z AS 9| F7le] =izl BTBa#9 A4
ol AL AE o183t Hol2 A AHLIA
Q] SDS, SDBS 3l SDOSSe| A%y¢ ¥ysig
2 A NS Fol SE34 F& AAE AW
ooz olo} a1 AFAEF vaa Yo,

A g %

Alet Y 7]171-BTB44 4 (5X10"°M, Wako Pure
Chem, Co., Japan, Al J/3F) 156. 1w
0.01M NaOH 5w 7l3le] $#i3la, & 7134
A 500mfZ o] Agen], SDSEA

(144.2p9/m8, Wako Pure Chem. Co., Japan,

purity 99.2%), SDBS&< (174.2p9/wf, Wako
Pure Chem. Co., Japan, purity 99%) =
SDOSS4$ <% (222.3¢9/wé, Aldrich Chem. Co.,

USA, purity 99%)& 27 dAR§ & 443
of AHE3ga, M4F YEEolef4L Table 1
of A3kt AF YrwoldE AAsNA gn
o AAFE & £33 5X10'ME 2o
AH&agict. %842 Wako Pure Chem, Co.
(Japan) ¥ Junsei Chem, Co. (Japan) £2] 4|
*48F £ 1341244 Aol o} g8siz pH
& =33 ASdga, Ve Aug XF
Eve 134§ AHgdgc, §3=+& HPBI52A
Diode Array UV/Vis Spectrophotometer§, pH
€ Metrom 620& +H83lo &g},

%4 —SDS(0~396.619), SDBS (0~470.4p
9). SDOSS (0~622.4p9) #8311 S94 2z
25wl 8 ®elzao] ¥z oj7lof pH 9 $o
10m¢, CDMBA® 3af, BTB 1.5»f% “}3jz §=2
BA7AA AN, AEL4NU §F§ b Pe
oz 4 UE f9% dxdoz ¥4y
6linmel 4 F R F &Yoo,

Table 1. Quaternary ammonium ions (Q') examined.

Salt Abbreviation Supplier*® Purity
Tetraalkylammonium salts
Tetramethylammonium chloride TMA-CI A 297%
Tetraethylammonium chloride TEA-CI B >98%
Tetrapropylammonium chloride TPA-Cl A >98%
Tetrabutylammonium chloride TBA-CI A >98%
Tetraamylammonium chioride TAA-Cl C >95%
Alkyltrimethylammonium salts,
Octyltrimethylammonium chloride DTMA-CI1 D >98%
Decyltrimethylammonium chloride DTMA-CI D 295%
Dodecyltrimethylammonium "chloride DDTMA-Ci D
Tetradecyltrimethylammonium chloride TDTMA-CL A 298%
Cetyltrimethylammonium chloride CTMA-CI A >98%
‘Stearyltrimethylammonium chloride STMA-CI D 297%
Alkyldimethylbenzylammonium salts
Zephiramine Zeph-Cl D 298%
Cetyldimethylbenzylammonium chloride CDMBA-C1 A 297%

% A : Fluka Chem, Co., Switzeland
B : Aldrich Chem_, Co., USA

C : Wako Pure Chem. Co., Japan
D : Tokyo Kasei Co,, Japan
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Fig.1. Absorption spectra of BTB(3X10°M)
reacted with CDMBA’' (6X10°M) in
the presence of SDS(3X10°M) at pH
9.

Curves of No, 1, 2, and 3 were
obtained from BTB (Amax, Abs :614nm,
1.312), BTB and CDMBA® (Amax, Abs:
688nm, 1.014), and SDS, CDMBA®,
and BTB(Amax, Abs:625nm, 0.720),
respectively,
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Table 2. Effect of pH for the ion associate of CDMBA' with BTB.

Absorbance (614nm)

pH Buffer added BTB@A)* BB +(g)D‘M3 A —

3 IM HOAc+IM NAOAc 0.016 0.035 -0.019

4 1M HOAc+ 1M NAOAc 0.019 0.061 -0.042

5 IM HOAc+IM NAOAc 0.028 0.183 ~0.125
5.5 0.2M KH,PO,+0.2M Na,HPO, 0.035 0.168 -0.133
6.0 0.2M KH,PO,+0.2M Na,HPO, 0.075 0.182 -0.107
6.5 0.2 KH,PO,+0.2M Na,HPO, 0.128 0.185 -0.057
7.0 0.2 KH,PO,+0.2M Na,HPO, 0.385 0.188 0.197
7.5 0.2M KH,PO,+0.2M Na,HPO, 0.658 0.196 0.462
8.0 1M NH,0H+ IM NH,Cl 0.824 0.204 0.620
8.5 iM NH,OH+ M NH.Cl 0.875 0.214 0.661
9.0 IM NH,OH+ IM NH.Cl 0.882 0.217 0.665
9.5 1M NH,OH+ 1M NH,Ci 0.880 0.216 0.664
10.0 IM NH,OH+ 1M NH,CI 0.885 0.235 0.650
11.0 IM NH,O0H+ 1M NH.Cl 0.882 0.283 0.599

* A and B are the absorbance of BTB (2xX10*M) and BTB-CDMBA' (4 X 10°M) ion associate
at different pH values, and A-B means the subtration of B from A.

Table 3. Effect of Q' for the ion associates with BTB in the presence of anionic surfactants
(AS) (SDS, SDBS, and SDOSS) at pH 9.0.

AS Absorbance (614nm)

Q None (A) * SDS(B)* B-A* SDBS(C)* C-A* SDOSS (D) * D-A*
TMA* 1.308 1.315 0.007 1.309 0.001 1.310 0.002
TEA® 1.315 1.310 -0.005 1.312 ~0.003 1.313 -0.002
TPA® 1.310 1.308 -0.002 1.313 -0.003 1.315 0.005
TBA®* 1.306 1,312 0.006 1.308 0.002 1.309 0.003
TAA® 1.312 1.315 0.003 1.314 0.002 1.312 0

OTMA®* 1.257 1.308 0.051 1.312 0.055 1.308 0.051
DTMA* 1.205 1.312 0.107 1.308 0.103 1.305 0.100
DDTMA® 0.758 1.308 0.550 1.312 0.554 1.308 0.550
TDTMA® 0.572 1.312 0,740 1.310 0.738 1.310 0,738
CTMA* 0.375 1.306 0.931 1.306 0.931° 1.308 0.933
STMA* 0.343 1,212 0.969 1.308 0.965 1.312 0.969
Zeph® 0.345 1.308 0.963 1.312 0.967 1.308 0.963
CDMBA* 0.325 1.314 0.989 1.318 0.993 1.315 0.990

* AB,C, and D are the absorbance of ion associates of Q' (6xX10~*M) with BTB (3X10*M)
in the absence and in the presence of AS (6X10°M) (SDS, SDBS, and SDOSS).
respectively, and B-A, C-A, and D-A mean the subtration of A from B, C, and D,
respectively,
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Fig.2. Mole ratio method for the reaction of
COMBA® .and AS (SDS, SDBS, and
SDOSS) (2X10°M) in the presence of
BTB(2X10°M) at 64nm.
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Fig. 3. Effect of BTB concentration for the ion
associates with COMBA' (4XX10*M).
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Fig. 4. Calibration curves of SDS, SDBS, and
SDOSS.
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Table 4. Effect of foreign

substances on the determination of SDS, SDBS, and SDOSS.

SDS, py SDBS, ug SDOSS, ug
lons substances added, gy Recovery, % Recovery, % Recovery, %
Added *Found Added *Found Added *Found

NH¢ NH,Cl 50.000 263 237 $88+05 2614 285 989105 3B4 B15 94403
Ag' AgNO, 50,00 263 2138 98.8+0.6 2614 2595 993106 3B4 298 WIS
Ca® CaCl, 25,0 0,000 2163 286 1011405 2614 2683  9B8t04 3R.4 7.0 1011104
Mg* MgSO, 0,000 2163 295 1015406 2614 250 1014103 334 38 9.2406
Mn*  MoCl 4H,0 10,000 2163 2185 101.00.7 2614 2638 100.9%07 3334 U8 1004105
20000 263 205 1066105 2614 2805 107.3£05 334 3455  103.6%0.4

po* Pb(NO,), 90,000 2163 219.0 1012404 2614 2645 1012404 334 30 1011105
N+ Ni(NOy,.6H0 50,000 263 285 101.5£08 614 2635 1008£05 B4 355 100.6+0.6
Ba® BaCl, . 2H,0 5,000 2163 2195 101.5£0.6 2614 2680 987406 3B4 300 87403
yig Za(NG,),.6H,0 0,00 263 205 100905 22614 285 BIL07 3B4 WS 1009105
Hg* Hg(NOy), .aH,0 50.000 263 2175 1006408 %14 285 WBIL08 W4 W65 1009408
Cu® CuSO, 51,0 10000 2163 2185 1010407 261.4 2665 102.010.8 3334 %S5  100.9%0.7
20000 263 245 1084105 214 258 1017105 3W4 W4 1057405

A Al(NOy), 8,0 50,000 263 2135 987104 214 22620 100.240.3 334 365 1009108
Fe* FeCl, .6H,0 5,000 263 2193 101.205 2614 2658 101.740.6 334 3%.5 1009105
cr NaCl 00000 2163 235 987406 2614 285 BIL05 3IB4 398 BI04
Br XBr %0.000 2163 24.0 98905 214 270 B35 B4 W5 07403
I Ki 2000 2163 2185 101.0£06 2614 645 101.2305 3B4 B8 100.410.7
50.000 263 205 1066+0.8 2614 22785 106506 334 68  101.0+0.6

B0, KBrO, 5.000 2163 2180 1008+0.5 2214 2658 1017305 384 /IS  101.2408
NO, NaNG, 0,000 263 205 1009405 2614 B8 101305 334 B0 9305
NOy NaNO, 50,000 263 245 92406 X4 K15  BS5E04 W4 B/L2 93105
SOF  NasSO, 0,000 2163 278 1007405 214 2640 101.020.2 34 08 92104
HCO,”  NaHCO, $0.,000 2163 2048 9.3+05 22614 285 BI04 34 65 2009106
CO  NaCO, 50,000 2163 2140 989105 2614 280 B.7103 3B¥4 W0 101104
o> HCO, 50,000 2163 2148 99305 22614 275 BS5106 334 385 101.5+0.6
CN KCN 0,00 2163 240 98905 214 280 BIE05 3P4 P08 9.2t04
HSO,  NaHSO, 5.000 2063 285 101.040.5 214 2640 101.0£05 3334 B6S  100.9405
S0~ Na,sSO, %0.000 2163 205 1019403 2614 2635 100803 3334 3385 101.5+0.4
5.0  Na$0,5H,0 90,000 2163 215 102405 2614 2640 1010£06 334 300 W02
SCN" KSCN 500 2163 285 101.0£0.6 2614 2635 101007 334 365 1009208
10,000 21€3 258 104408 2614 289 107.0%0.8 - M4 322  108.6+0.6

* Mean value of three determinations

-~-69-



8 Cheju National University Journal Vol 33. (1991)

¢ + U A& Table 59 %,

HAGAe ol 8—4A HU4Fe Bole A Table 514 ¢ 4 Y& v} ol LAPUE
HAAE AF7) Aol Sol& ARKAAZA A+ Fol $2Y AT 96.6-105.2%8] Py
SDS 14.4pgo) 590 S&3jo] glass fiter2 o3  34g¢ adsich
§ AR 4+ 00¥ Flelz APdel gzt YR

Table 5. Deteramination of AS™ in river water.

SAMPLE *AS Recovery
s Sy W B w
Ongpo river Middle August 15th, 1991 50 0 0.11
50 0.58 0.72 105.2
Lower August 15th, 1991 50 0 0.16
50 0.58 0.7 1007
Chango river Middle August 16th, 1991 50 0 N.D
50 0.58 0.60° 103.4
Lower August 16th, 1991 50 0 0.17
50 0.58 0.77 103.4
Kangjeong river Middle August 16th, 1991 50 0 0.25
50 0.58 0.85 103.4
Lower August 16th, 1991 50 0 0.38
50 0.58 0.94 96.6
Yeonwoi river Middle August 16th, 1991 50 0 0.12
50 0.58 0.69 98.3
Lower August 16th, 1991 50 0 0.35
50 0.58 0.96 105.2
*Samples were filtered through a glass filter after concentrated five times,
# :SDS as AS" was added to the samples,
N.D.: Not detected.
EZA B o4¥ A4 AY-2 FPEs AW Table 644 & 4 3l& vl 3e] SDS,
=& golur] ## AR 1P SDS 216.3u9, SDBS ¥ SDOSSS| 24l (4iEdh € &

SDBS 261.4ug, SDOSS 333.4ug ¥H3l=® & 7 +3.3%(1.35), +2.3%(1.55). +2.1%(1.33)
FARgAg zAsed Al 2t FIze Y& ¥ 4+
&Yzlo] A4 AAe Table 63 ot
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Table 6. Recovery test of SDS, SDBS and SDOSS.

Sample SDS, #g Recovery SDBS. sg Recove(y SDOSS, sy Recovery
No . added Found ™ Added Found ®  Added Founa &
1 216.3 220.5 101.9 261.4 266.5 102.0 333.4 339.5 101.8
2 216.3 223.5 103.3 261.4 264.0 101.0 333.4 340.5 102.1
3 216.3 217.5 100.6 261.4 255.5 97.7 333.4 328.5 98.5
4 216.3 220.5 101.9 261.4 260.5 99.7 333.4 330.5 99.1
5 216.3 213.5 98.7 261.4 262.5 100.4 333.4 332.5 99.7
6 216.3 220.5 101.9 261.4 264.5 101.2 333.4 334.5 100.3
7 216.3 220.5 101.9 261.4 267.5 102.3 333.4 338.5 101.5
8 216.3 221.0 102.2 261.4 258.5 98.9 333.4 338.0 101.3

Error range : £3.3%

Error range : £2.3%
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