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Capillary electrophoresis/mass spectrometry (CE/MS) was applied to an analysis of sur-
factants. The detection limit of sodium dodecyl sulfate (SDS) was determined.
Compared to indirect UV detection, SDS was detected with higher sensitivity by MS detec-
tion. The detection limit at a signal-to-noise ratio of 2 was 0.05 ug/ml when an untreat-
ed fused-silica capillary was used. Sodium decyl sulfate and sodium tetradecyl sulfate
were detected by CE/MS as impurities in SDS. CE/MS easily showed a difference in
purities of commercial SDS among three different suppliers. Composition analyses of
commercial surfactants (sodium polyoxyethylene(2) dodecyl ether sulfate and dodecyl
dimethylaminoacetic acid betaine) were also performed by CE/MS. A number of com-

ponents and impurities were identified according to each molecular mass.

It has been

shown that CE/MS is a promising analytical tool for the analysis of surfactants.
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Fig. 1 Chemical structures of surfactants used in
this study

(a): sodium dodecyl sulfate (SDS); (b): sodium
polyoxyethylene(2) dodecyl ether sulfate (SBL-2N-
27); (c): dodecyl dimethylaminoacetic acid betaine
(AM-301)

TNFNRYE Y ANFVBED X 5 BRI H 5
b O EEREHREE THETE 52979, RmiGt
F O L PIEENBINDIEF ICFHFNL DD L L, 0
A BB EE BV 5 L8RS 50, BB
MBI EBEEEREICERSE ERXR=25 4 Y ORE
EHHY, BERERBICEARMETHD. X, LRI
5 7% 5 FHEEER CRBORIEEOATY — 27 2 FHET
HZEEHEETHL. F2C, FEFEHSIE, CE/MS
2 & 2 REERR O R A . A e LCH#E KT
YNMF R T A (SDS) & AV, CE/MS & BHEWRIEH
BEOMHBERZ L2, B, CE/MSIZX AWK
O ST 1 P ) D Hel B B BRI US43 AT % 3R 7.

2 % B

2-1 HERUHE#

SDS IEFEHMBERAALER, T 54 7 A 7 BE
Vg 37 BRSO Aldrich 8 (iR 98%) # M
W, BEBRYFF I IFLV(Q) FFYIVI—FILF
MU A (SBLEN-27) @ 27% KBWER T RFFI VY
AFNT I BB A Y (AM-301) D 35% KU
HXr I ANV HHA L7z, Fig. 112215 ORIEE
BRI OBERERT. KROX Y = VIZEEERD
HPLC % vz, 2003 ik, i UdiEE s
W% EOBMBERIEL FHW.

2.2 ¥ &

CE 31813 Hewlett-Packard #® HP®® CE ¥ X 7 4,
MS %518 X Perkin-Elmer Sciex 3 API-8300 bV 7V X 5
— VM EREESHET, CE & MS O#HIX, Perkin-
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Elmer Sciex #® Normal Ionspray (ISP) 4 ¥ —7 =
— A v, Fx ¥ —-R@ V-4 U AED
M 50 um, AME 150 pm DB I I F Y EF Y —%
B, HELYOFFICLYRY T2 YNT I FTHEE
B, BE 70~80cm TR L7z, —ioEBRIIR
MBOFE FCHW, - AEDORERIZIZ, Harvard H
DY) YIVRYT M-11 B %Wz,

BB RSB M B O BRI HP™ CE ¥ A 7 & T W,
Fr¥s Y —iFV -z VA4 2ABONE 50 um, FF
Z3Bum OB AF Y ES ) —% LK 64cm, A
% 55.5 cm THW /-,

23 EERIRME

2-3-1 CE/MS IZ & % SDS D4R 1 Ho5mHrH
WBET R OO TRICIE, R T2 U NV7 3 FTHEML
BML2F 2T —i3F vy ¥5 Y —%HIE (Bio-Rad #
Cat. No.148-5022), KDIETHERE (94kPa) 12X D
107 o%E L2, RLBOBMI Y Fx LT
—EF YT —WHEEOK DY IT I M AKEEILF MY
T ABRE R OCCRBRICHEF L., RYF7Z20U0T73IF
THEBELIE L 72F Y ¥ 5 ) —2 W A0 Tld, kB
BUEY—AWEELE L T40mM FEE7 ¥ E =7 L BHR
(pH4.0)-Xx % 7 —ViRHE (1:1) ZHW, ROLHEO
BEALZ Y XX ET ) -2 A0 T, REEE L
T 50 mM REE7 ¥ € =7 AR (pH85), ¥Y—2A
e LCh50mM KEET ¥ &= ABEW (pH 8.5) - A
)= ViRHE 1:1) 2HVA Fy €59 —idK, %k
BRRONECTIEE (94 kPa) XD 5 0BT O8E&E L7
#%, REBEEEMEDE GkPa) XY 8BBEALZ.
AEHARIZ TN TKICHER L CHRE Lz, FxEs ) —
DV OAEHEARFIZISP A V¥ — T 2 —ZAD=— F
WLV 7 bR LV—BEZHML o7z, CE$
BEORY DN 7 VIZ—30 kv GBS 23F s
NIKBIY A & &) Xid 25 kv GRBHE D B AR R~ vk D
THLE) OBEERENL, S EBG L. OWFA
143%, ISPA V¥~ 7 2 —RIZ—45kVOILL Y b
AFV—BIEEZHML. Y—ATRIZBEEE,
1.23 1/min OFETH L7z, ¥ — A 5 ul/min D
BCHM L7, MSIERINA + VI (SIM) 12k D
BAF ERE L.

2:3-2 MEERABEEICLS SDSOPHF  Fr
5 —% 1MKEBILF b Y ABEE, K, KEIEONE
THERE (94kPa) 12XV 5 5B O%kE L2k, &8
BWZIEE GkPa) 12X ) 4BMIEA L. KEIE
X 50 mM KEET v E = AEEH (pH8.5) 1T 20 mM
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JEiX o5kV, ¥y ¥ I —0REE 25T, WHIE 225
nm TiTo 72,

2:3°3 CE/MS IC& % SBL2N-27 D3 £&K 80
cmORYTZYNT I FTHELEBEL/-Fr Y —
RV, MSIESIMIZ&K Y 3T A 4~ (SBL-2N-27
DOERAFVER) RMH L. FoMuE R 77T 3
FTUBLEFXYETY—2HVESDSHHDE &L
FRRICBRIEL 7.

234 CE/MS &5 AM-301 DF 2K 80cm
DORYTZIYNT I FTHEBEREL:F YT —%H
W7z, KEIHIE 0.2% FEAKBW-2AY /- VIEHE
(3:1) BHWE. Y—AMIE0.2% FEAKER- A5/
— VIR (1:1) %7z, CE MOFIEE 30 KV,
ISPA Y% —T7x2—ADLLY ATV —BFEIX5kV
L7 MSIZEeA A v ey — (HIEEREH,; n/2
180~700) TIEAF ¥ (Fa b AbGFA X Y) 2R
WL, 20MxE) 727 0V7 I NCRB LS Y E
S —%HV5 SDS G D & & L RBRICEMEL L.

3 FERRUER

3+1 SDS D& MGHRET

CE/MS 12 & % SDS O3 et 2 #ET L 72, MS kit
X5FeA A+~ (SDS DA F VB, m/z265.0) &
EL7. BEWELAET S SDS IERREER (EOF) @
KESZXYBEFHAXKET 5. EOF 2 K557
ETIXEHE T SDS 2 &, EOF & 5 #HEL E
ZRE XL FETIIRBMTREBEINS. CE/MST
BABEICEEN2EEERYETHLILPFLETD
D, MZEOHETIIERT Y Eo7 ABRER (pH 4.0)
PRV, FrETY—CRRY T INT I FTHEL
HLA-boZMELZ LaL, 38 & LT 10ug/ml
D SDS BWEIEAL TS 30 7 UHNICSDSDE— 27 %
BT A EIZTERD o, CEIZ L2 REEEA D
SHTRFYES ) —NTREPI L VERERL, BRI
BOMRERENBONGZWI LD H D, FORE, KB
b L IFRBHEICHERBELZ ML, B0 Ik
B &S L Camatrbn s Lal, AETIER
BAMBICA Y /= VERERMLTS SDSOE— 27135
Nhhol. X, REBEREAR (0.25~1.0 ug/ml)
LTHEALTHRKICSDS D -2 3B bk o7,
—7, FB7 v EZY ARER (pH4.0)- X5/ —
B 1:1) 2EEBEE LTHWLEZA, 204541
SDS DY — 7 Bz, Lrl, Fx Y5 PRk
NORBWE DO — 7 BIRITEL (Fig. 2(a) ), W

Hip, B, KR, FE8: %y Y5 —BERKE/ EESHEC L B REEER OS54 565
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Fig. 2 Detection limit for the analysis of SDS by
CE/MS

Sample: (a) 0.25 ug/ml and (b) 0.1 ug/ml SDS in
water (5 kPaXx8s); Capillary: (a) polyacrylamide-
coated and (b) untreated fused-silica capillary, 50
pm i.d. X 70 cm; Running solution: (a) a mixture of
40 mM ammonium formate buffer (pH 4.0) and
methanol (1 : 1), (b) 50 mM ammonium carbonate
buffer (pH 8.5) ; Sheath liquid: (a) same as the run-
ning solution, (b) a mixture of the running solution
and methanol (1 : 1); Applied voltage: (a) CE—30
kV, ISP interface —4.5 kV, (b) CE 25 kV, ISP inter-
face — 4.5 kV; MS detection: SIM at m/z 265.0

B Ry ) — ViIREERBD S E 5 L SDS DIkERE
ML 2y, E—=2BRO B, DLEORKEND
HYT72UNT I NTHELELFYET Y —2HW
T SDS #5045 & &%, SDS D I LIV & ¢
5720TE %L, ¥y ETY —~ORBEE %I T 25
T2DIIKBIRIC A 7 ) — VORMELEL T 5T L5
Motz —F, NHRLHEOBBMS IV AF YT —%
BB, REhEE LCRBT By MRER
(pH8.5) vz, ZOBAEFYET ) —KMIAIL
HWBELTEY, SDS OWEFRED LN, o T Fig.
2(b) IZRT I KBRS A Y ) — VL Z2HmIML %L T
b BRI R R Sz,

Fig. 2(a) XU (b) OBMHRA (§/N=2) ZThZ
N 0.25 B U9 0.05 pg/ml TH Y, RLEOER Y
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HEXET)—ZHAVDBIEINF Y ET ) — DB
EO S MIRERE V. LrL, ZoRBCITHER
CIEBMZFOPERSIESDS ¥ =27 L) b #H BB
LTt En, RPREoOEL 5 WHEESH 5. P
PEB (maF 7 3IF, m/2121.0) ZHVWTHEL
72k A, 425 =Sz —J, Fig. 2(a)
® EOF % ¥l L 72 &t Tl R IR BT & Fo 3 &
Bk MS EBE~NEASNT, PEY—-7 L LTHRIBE
NHZ LRV, ZOX)IHHEBOE L IHYOK
BIZL o TOWMELEREZEDWETH S, HETOL
B % F v C SDS & 404 L fi it & Fig. 3 1R
AT 100 pg/ml @ SDS W Z HWTHEL TS S/N
3810 TH A, KBNS 5 MEBOLRIE L LT
Ep PV Y ANA VEBROIEINIC 24TV e FUREER
RURBEFEBRZWE L2, BERAKROERTH 2.
WG EBICRBEILT A EREIOIRN—AT L VOR
EVEE RHEEOR XS PHMFETE 52, CE/MSIZ
H% ERHBERZELLF 5.
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Fig. 3 Determination of SDS by CE using indirect
UV detection

Sample: 100 ug/ml SDS in water (5 kPaX 4 s);
Capillary: 50 pm i.d. X 64 cm (effective length, 55.5
cm) untreated fused-silica capillary; Running
solution: 20 mM p-toluenesulfonic acid in 50 mM
ammonium carbonate buffer (pH 8.5) ; Applied volt-
age: 25 kV; Detection: 225 nm
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Fig. 4 Determination of impurities in commercial SDSs supplied by different manufactures

Sample: 200 pug/ml SDS supplied by manufactures (a), (b), and (c) in water (5 kPaX8s);
Capillary: 50 pm i.d. X 80 cm polyacrylamide-coated capillary; MS detection: m/z 237.0 (decyl
sulfonate ion), 265.0 (dodecyl sulfonate ion), 293.0 (tetradecyl sulfonate ion). Other condi-

tions are the same as in Fig. 2(a).
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Fig. 5 Reconstructed ion electropherograms
obtained by the analysis of SBL-2N-27 by CE/MS

Sample: 200 ug/ml SBL-2N-27 in water (5 kPax 8
s); MS detection: (a) m/z265.0, 309.0, 353.2, 397.2,
441.2, 485.2, 529.2, 573.2, 617.2, 661.2; (b) m/z
293.0, 337.0, 381.2. The ion electropherograms
were obtained by the sum of MS intensities of each
relative molecular mass. Other conditions are the
same as in Fig. 4.
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K% Fig. 6 1IRT. TUFNVENT 2 FLEILF T
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EEEELTCYAFATAFLNT I VRBAVTBY, %
FUSDOREMZRBENE &2 (Fig. 7). 2NX3 I
CE/MS IZRHEE R OB THREMBEBRICOISATE
LIENHLNE L o7z,
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WEoTEBLALDTH A,

1997 4210 A, HARSHLZEE 46 4E4
MOT19974E 12 B, BE17THFXYES ) —
BRIKB Y YV RY 7 DB TR

X 73

1) J. A. Olivares, N. T. Nguyen, C. R. Yonker, R. D.
Smith: Anal. Chem., 59, 1230 (1987).
2) R. D. Smith, J. H. Wahl, D. R. Goodlett, S. A.
Hofstadler: Anal. Chem., 65, 574A (1993).
3) J. Cai, J. Henion: J. Chromatogr. A, 703, 667
(1995).
4) A.J. Tomlinson, L. M. Benson, K. L. Johnson, S.
Naylor: Electrophoresis, 15, 62 (1994).
5) M. W.F. Nielen: J. Chromatogr. A, 712, 269 (1995).
6) M. A. Hoitink, E. Hop, J. H. Beijnen, A. Bult, J. J.
K.-van den Bosch, W. J. M. Underberg: J.
Chromatogr. A, 776, 319 (1997).
7) Y. Tanaka, Y. Kishimoto, S. Terabe: Anal. Sci., 14,
383 (1998).
8) K. D. Altria, I. Gill, J. S. Howells, C. N. Luscombe,
R. Z. Williams: Chromatographia, 40, 527 (1995).
9) G. Lin, W. Chiou, W. Lin: J. Chromatogr. A, 723,
189 (1996).
10) K. Heinig, C. Vogt, G. Werner: Fresenius’ J. Anal.
Chem., 358, 500 (1997).
11) L. K. Goebel, H. M. McNair, H. T. Rasmussen, B.

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry
568 BUNSEKI KAGAKU Vol. 47 (1998)
8.0 4.0 (
& m/z216.0 (a) & m/z244.0 (b)
= 5
X X
P 4.0 s 2.0
] g
2 3
= &
0.0 L L 0.0 . .
20.0 30.0 40.0 50.0 20.0 30.0 40.0 '50.0
Migration time /min Migration time / min
50.0 4.0
& m/z272.0 () & m/z 300.0 (D
E =
X X
% 250 Q 2.0
w «0n
g 3
-3 -
= =
0.0 X 0.0 ! |
20.0 30.0 40.0 50.0 20.0 30.0 40.0 50.0

Migration time / min

Migration time / min

Fig. 6 Reconstructed ion electropherograms obtained by the analysis of AM-301 by CE/MS

Sample: 200 pg/ml AM-301 in water (5 kPax8s);

Running solution: a mixture of 0.2%

formic acid in water and methanol (3 : 1); Sheath liquid: a mixture of 0.2% formic acid in
water and methanol (1 : 1); Applied voltage: (a) CE 30 kV, ISP interface 5 kV; MS detection:

scan range, m/z 180~700; (a) m/z 216, (b) m/z 244, (c) m/z 272, (d) m/z 300.

tions are the same as in Fig. 4.
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Fig. 7 Reconstructed ion electropherograms of AM-301 impurities obtained by the analysis of

AM-301 by CE/MS

MS detection: scan range, m/z 180~700; (a) m/z 186, (b) m/z 214, (c) m/z242. Other condi-

tions are the same as in Fig. 6.
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F Y ¥o Y —BRIKE/HESIE (CE/MS) AW TREFERH OGN 217072, kL LT
FFYVF R YA (SDS) %Ay, MS R MBI ORMBRE 2 L2, RLHOHE
AU AFXES ) —F AT CE/MS THM L7zE EOBMRR (S/N=2) 134 0.05 pg/ml TH -
7o. —F, BBROLREBEIC X ZRHBERE (S/N=2) &% 10 pg/ml TH Y, CE/MS IEFHEIEEH D
EBRESHICHETE DI 0ol KEZLDHEO SDS ORMPHEERITo /2L 25, Tk
FYNF M) T L EBBT PV M)y AOREFRD b, BESAIC L ) AR EESRE
BHIELMERTES B, CE/MS EZMBRIAXFVIFL V() FFYVE—FNVF MY 74 (SBL-
IN27) ROFFIYNIAFNT I JBEEENRY 4 ¥ (AM-301) OB L7z, AM-301 D5 Tl
KEISDOERCTHLTUFATAF LT I v b R TE, CE/MS 1 FHIEEHR O/ 5T f o8
BETEEELREICHODAHETESLI L ZRL.
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