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AR T 77 =& HEHE
TINXINEZILRBIEODER

A b Re*, Ak EEA
(1983 4 4 J1 4 H2H)

BE#EM 7 A F Ly vy AL VvEEE (LAS) 2 AF vy Aa—2 o4+ vt LTHBL, HE(L

YV TALEF= LIRS FELRHE, BTk VY ATT7 o EBEBHBL, ANF=ALTAFFAF

LLTCETHENRESEMS VP Rs7r~<t /5 7 (ECD-GC) TR L .
LrwrF4FELTECD-GC TsEgE+ 25 HEICHN,

DR, LAS 2 ALk =
BT ABEPHSBNRILL, BRECENRLTE

D, ¥ 50 fEOEERE SR, K, AR>S OERERIGENRE (87 90%), ZFEmeik {@~
N%} LLBRTCELIEEREONA. FEZEROEIIKIZEALLEZ S, TXTORE» S5 LAS
BREShZ. X, FECX58EE (GC ) L AFvyTar—-kicX5HER (MBE) & OB
BEa ko5, GO H=0.730x MB {5—0.015 (A% 0.963) &5 h7-.

U i

BEEH 7 LF L v ALK VEEE (LAS) OFER
AL RN D Abott 3D KIS A F L VT A—
(MB) i VG HRTWABD, ZOFEREBENER T
B 5RE, S FEWEOFELZT T WRENRH DD,

LAS opHERE VWt @7 v<t 2757 4 —
(TLC )%, HRIMRINA~<27 b A (IR J)o~8, 3%
FMRINA~ 27 b agh (UV IR, GEREI7 <275
74— (HPLC E)910~18) 2 ru-< b 757 4 —
(GC ¥§)2919~-19) Jo Ui X hTwb. Zhbhomk
T GC gz X 5 EREIL LAS 2IRERME Ch DD,
BiAaxk vk, 70 V8RL, AAR=17rfk, A
Nh= 2 F A= AT MMEe S X ) ERELFDE
b TuwA. X, Parsons 13X v ¥ v A Kk vEEEE
ALK ATAFSA VEEBLTHT5 9%
HEL T B2, LAS ~offidedhTuwicwn. &
z, GC EREBEOBRBEAH O LAS oyt L
7ol Ainl, EHE» LAS ZArk=17wI4F
(LAS-CI) & LCTEFRENRIESBMGE I A7 <
5 7 (ECD-GC) TERT5HEOLHE Licshaid,
LAS #2x k=257 125 1 (LAS-O-Me) &+ L
THAZm~< b 757 BESE (GC/MS) © E&T

* RERBEAEAAEVAN  REREHTEK B XK
1978

TR RETEMLYR R RN ERERE-24-2

HHEPREIRTWABIRTER . LaLihd,
Parsons #5857 % X 51c®, LAS-Cl, LAS-O-Me |
BOCAKE THY, BN T AREERLST
Wicd, BESTTCR BREK BEAA DRI, £
T, LAS EEOHELEOCBEDOH LELZHAEL LT,
Parsons o k% LAS i L, LAS-Cl #Hizc7 »
EEBRL, ALk=AT7AE+54F (LAS-F) r1<T
ECD-GC CTERETAHHEEBEFT Lic. ZoORE, LAS-
F L LTEET A, LAS-Cl L LTEETHHE
N, BEMRUCREG CER TR, EEROBEER
e B LB/ IR, ZBEREBE SCBEFTH
> THETS.

2 % B

2.1 &

~FHY v, RvEy, EAKTEFII) T LIRBYAE
HEBA, Zrerira, YU UVEEZKEF MY YA, EES,
7 ok h VY v AREERE LELY viTEHE—-K.

U HAFNAL T a—FS-1 (FiksiEs) & 130 °C
T 12 BREEE L CHEA L 2.

AFLvv7a— (MB) i%#k : 7k 500 ml iz MB 0.1
g, FiER (95% DLE)6.8ml, YV vERTI/KEF LY YA
50g Mz TE~»L, EickxkmzT 11 &Lz

FFoAXvEvALivEF LY v7a (DBS) @ fn
He R

LAS: 34 ~<v 272 F-60 (EXF@M) » 444M
SDOFEY THRL .

SEERTAFARV Y ALK VEEF Y 7 A
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(ABS) : #+ v 5 » + 60(ZHLRE) ZSHEDLDOHEY
TR 2.

a-ALr 74 vALKVEEF LY YA (AOS): v 7}
Fr—T2vr W (44158, ME 30%.

2.2 EMRUAERG

2.2:1 GC &

#iE: BEn, GC-3BE #

=gkat BEH, se<t-ty 7 C-RIA A

# 5 AFET AH : 2% Silicone OV-17 on Gas-Chrom
Q, (80~100) mesh

A7 A :RESmMmXES 2.1m, #7 AR AT A

» 5 ARUCKREBERE:230°C

TEAOERE : 250 °C

U Y —HFA:2EE, Ff#E 50 ml/min

2.2:2 GC/MS %&#

£E: AATTH, JMS-D300 B

#IAETAK, »7ABERCEARRE: 221

iZR e
5 h:NE2mmXEX 2m, #75AHH T A
FPrYX—HFAR:~UTLA, FE 40 ml/min

144+ v{LERE : 70eV
vy F v —1E :270°C
1 A vIRIRE : 300 °C

2.3 HrER{E

%t 200ml % 300ml oL ERD, MB Bk
10ml, 7 retxis30ml M THLIIRVELES.
T A BB EES, 7 v vkl 2% 100ml o ¥R
BT, TRy 0ml o7 e ek A THEL, #
M x oK aEbes. MmBELERIFEAL, 100
ml DFARTFAaABLr -2 ) —= A AH LV —&K —
CEMEET LS. cherEky v 1g, ~F 4 v 2ml
Nk, BEERMT, (120~130)°C o T 15 5
miEwm e, LAS-Cl L35, WA, 7AR7F A=
DOHEE (20~30)ml D~F 4 V& AWT HY, BE
100 ml OHEFSIA~BT. 75 AR K- TWLEA
ALY vERABROKTHEL, BrEOSBR-HCEb
® 5. HBRSFo~F Y 20 OFEF P Y VA
%W 30ml FoOC3EBETE. ~FHrVvHEERET I A
2Ry, EAHREET FY v AR CERE, 270
F - F=y o (KD) $B#ESHT Sml LTRSS -
By, Y9y 3g ERR lem oh 7 A ~F
A AVWTBATTALTER LAY I 2B L, ~
4y 100ml LT, “vEy  ~FH v
(6:94)100ml THHL, BHEE e —x ) —= K1
— & —TEEEETS. 2hie7{bn v v a 0.5g,
~F+ v 2ml ®inx, HHEEMHT (120~130)°C o
e 156 HHEBRHKL, 7 » KERRIGETS. #b

KAGAKU Vol. 32 (1983)

A7~ LAS-F % (20~30)ml o> ~%+ v THH L, ~+
+ V%R 20% ofEfbF b Y v AEK 10ml FoC¢2[E
Yetath, EAKWEE bV v ATE®RTS. Zhi KD
BEEClRiES, AL L, ECD-GC R I v EETS-
Z2RBUIREBIK 200 ml % AV CRIBRICERIET 5.

3 EERBRUEE

3.1 IEWEIEHRH

LAS /e vEvAnks vEBE OEFMEF LT
(LY 21901819 jEfl g ok = AN R A S I
EREEIhTWAN, AETRRIGBOBREROEREL
a2 K&z 5750 CHECHRBRETCEHAHELRY v
X BEFEEHOBRF LT 7. RELY vic kb~
VEVANK VEBEOBEFEEL UL, ThETRE
EARY vETTRIGI®AFEY, RELY vieI <D
BOKYHEM L TG X8 5721919 G Ih T
50, TRLOFEIRIETEANNK= LI rF1 FOD
INEAUED > 7o b, RIGFFRIC T 5 RO BB A K E
WR BB - T

T TABETE, ~FY vEINLBRIRK IS DRIEG
TR BHHETEHN L. ¥, AELY vORMERR
#5729, LAS 1mg, ~F+ v 2ml, WigEE (120~
130) °C, RGRERE 15 4y o &t T, HIEL YV v B
(0.1~3)g D& TtHEILE¥ LAS-Cl olI{E L DBiFR
ZHE L7, oK, LAS Img ixf LCAEILY v
B 0.5g HETHhhuE—EoOERE Lhk. K,
MBS EER RS 57, LAS Img, w¥E(lkY v lg,
~F v 2ml, RIGKE 15 204&46T, WEEREY
(110~140) °C DT I RINE Lo BFREBREF L
R, WMBREN (120~130) °C OBHWEKR b IR
PEDRT. X, ~FV vORMERED 5%, LAS
1mg, wIEILY v 1g, WMERE (120~130)°C, K&
R 15 90&ET, ~FHvEY 0~8ml OfjTE
(LXK L OBFERE L7z, to&R%E Fig. 1 ©
3. LAS-Cl iRz ~F+ v &4 (1~3)ml DT
BbE<l, FhUETRHBRAETFLE. Fi, LAS
Img, 7MLy v lg, ~F+4 v 2ml, HBRE (120~
130)°C o &phT, RIGFRE%Y (10~50) 4rofE Tk
X4, RIGEERE & NEOBIREY BEt Lic. Fig. 2 iR

Li-X 5k, UWNERIT RIGEE 2% (10~30) 4> ORITE
P, FhUECTRBACETLE. B EoEEN

b, AETi: LAS ofER iz iELRY v 1g & ~F
#v 2ml iz, (120~130)°C OHBEHRT 15 HfH
RIEX®5Z i L.
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Relationship between relative yield and
added volume of hexane for the sulfonyl-
chlorination of linear alkylbenzenesulfonate
(LAS)

Conditions—LAS : I mg, PCls:1g, Oil bath tem-

perature : (120~130)°C, Reaction time : 15 min

100 —0———0—0\.\

Relative yield, %
i
1

0 10 20 30 40 50

Reaction time, min

Fig. 2 Relationship between yield and reaction
time for the sulfonyl-chlorination of LAS

Conditions——LAS : Img, PCl;:1g, Hexane: 2ml,
Oil bath temperature : (120~130)°C

32 HSLARPISIT4—ICEKBOIVITP T
DEE

KRR THBEKRD X 5 Ie BRI R ESLE W
ED EYESY Sk, 31 TRELEKMHERID
LAS % LAS-Cl L7, vV IFXAHISATLED
PV VT o T THIEXEHN LI, YV Ay 3g w2
Blem O» 5 ACBALTALTER LT A1 X
DEEf L7k =%, LAS-Cl {3~%+ v 200m! ZifL
THBHE T, ~FHv=Fr=—F ATV EY
AOBEMZ BAREC X hIEH L. —F, St
NFFVREIDVBEAEBE T ENED BRI, £
Z T, LAS-Cl oBHBEEY kb 5D,
T ~FH Y (2:98~10:90), <V ~FH v
(2:98~10:90) DEAEH 100ml ForHWTHH
Lic. ZOER, =Fr=—F:~FHviIhiyv
CEV i ~FHFVDIFINZY VT » 7RHEMNKEL, [
R EERE R, <vEvyn 5% B EThhiE

= F )T —

A, AfE: HRIR= 57 4 —CXBEERTAFARVEV ALK VEMEBEOER 725

LAS-Cl ¢ 100 % EIREhr-=. LAEORERM D, Kk
Tl ~F 9 v 100ml % L CHHEHDE BREL &,
NXvEYV I ~FH v (6:94) 100ml 2L LAS-CI
PHRHIRL L L.

33 7. ¥R

Parsons D fv o7 o REBEMHT KGRI &K <,
Lnd, AAE=A7F 514 FOREIENR LD
i, HRHETENENE LR L &M% B L.
Fig. 3 & LAS-Cl 20pg, 7 w{t» UV w4 0.5g %
Ly, (120~130) °C il p T~F v+ v & B S B 7oh
b LAS-Cl %7 , RiE#3 5 B0 KIS & RO
BErT. Zhhbaynnb X5, LAS-F oK
JGEEEIAY (10~30) ORI TRAMERRL, Fhl&x
RAE T L. X, MigERER (110~140)°C 0T
RINER 220338 b - 7oy, 140°C Ll ki b
EBIFACET L. KT, ZOHEHMREEWT—F
DINET7 » REWI NS LAS-Cl BoBHEH» B L
TR %Y Fig. 4 s, chhboyhnsd X i, LAS-
Cl & 100 ug LUFCid 7 » RE#BKIGI X b LAS-F 23
—EDNERTHERT 523, 100pg LI ETIHERKIME T
T 5.

X, 7 ofbh ) v A BEHMEESH & LAS-F AR
IET %03, LAS-Cl Bic X » TINENELL, —F
DR %7r3 LAS-Cl Bo&HEIL 8 bhisd ot L
LDz e, ABETIRT » BEBBRESE 7 EH Y Y
4 0.5g, LAS 100pg LAF, ~*+ v 2ml, WhisRE
(120~130) °C, [RJEksfE] 16 53 & Lic. cof&ftr X
b, Parsons D 7-£ MR ER LB/, K
Byl 1/6 g c%, LAS-F olUE LK 10% [

1m-)/4 . . — o
3
)
2
-

2 50f

s
ot
~

1 i 1 1 1

0 10 20 30 40 50

Reaction time, min

Fig. 3 Relationship between vyield and reaction
time for the sulfonyl-fluorination of LAS-
Cl

Conditions——LAS-Cl: 20pg, KF:0.5g, Hexane :
2ml, Oil bath temperature : (120~130)°C
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Fig. 4 Relationship between yield and amount of
LAS-Cl for the sulfonyl-fluorination of
LAS-CI

Conditions KF : 0.5g, Hexane : 2ml, Oil bath
temperature : (120~130)°C, Reaction time :

15 min

kXx¥srzencEi.

3.4 GC AHSARTARDRESL GC/MS (LXD
RE

LAS-F R » 7 s TCAH=RET S 1, OV-
1, OV-17, OV-101, QF-1, SE-30, DEGS, Thermon
3000, Apiezone Grease Iz DOWWTHE L. ZORER,
OV-17 BE L B HE-< % — V&R L, 2>, LAS-CI
PIERO R TEN 7 5 ARE TODBENFIRETH -
7-. X, LAS-F 2ng % 10 [l h B LAE LG D
FEMREUT 1.1% HIEL, BIAEORVWI7e<} /35
AE Bt Fig. 5w OV-17 ZHWISEE OF A
sw= 75 akRT. KT, LAS-F ¥RIET 50D,
GC/MS THIE LR, 7aAx vEEoREHK 10 FHo
LAS-F (C;o-LAS-F) 03T 14 vE—27 (M*) TH
% m/z 300, C;;-LAS-F & M+ TH3 m/z 314, Cjp-
LAS-F © M+ T#h% m/z 328, Cy-LAS-F &> M+
THH m/z 342 HPEZIh, LAS-F LFEESI hic.
Fig. 6 & C;p-LAS-F <A A7 + V&R T.

35 BLUBHROEER

LAS ¥ {4'E L LT ABS, AS, AOS, AES, o7
FAAAR VIR B AT AE, BV AFroF Ly
TAFENLT 2= e—FT L HREBRE, 772V v-hilw
Y vEESHD AL vEEE Y 2.3 LREERICER(EL LAS
DEBE~DHETRF L. ZOFR hbo LAS
FAWEIL, TR ZHRBEBTIRRERRE, ©—23x—
vt LAS L¥|FlTE5h, ABS RO AOS nEE
CHRETABERIECREY S 25 Z LAED LR,

KAGAKU Vol. 32 (1983)

START
Or—m

Retention time, min

Fig. 5 Gas chromatogram of LAS-F

Conditions——Column : 2 % OV-17 on Gas-Chrom Q
(3mm i.d.X2.1m glass column), Column tempera-
ture : 230 °C, Detector temperature : 230 °C, Injection
temperature : 250 °G, Carrier gas : Nz 50 ml/min;
C10-LAS-F : Peak I, 2, 4, Cy,-LAS-F : Peak 2, 3, 4,
5, 7, C12-LAS-F : Peak 6, 7, 8, 10, C,3-LAS-F : Peak

9, 10, 11, 12
57 (
2 1 g5 L
- 187
§ 1 104 h i
i
; PR A IJ - P - {
50 100 150 200
m/z )
2z x5
§ / -
= M+ 328 -
. - =
250 300 350 400
m/z
Fig. 6 Mass spectrum of C;,-LAS-F

Conditions——Column : 2 % OV-17 on Gas-Chrom Q,
(2mm i.d.Xx2.0m glass column), Column tempera-
ture : 230 °C, Injection temperature : 250 °C, Ionsource
270 °C,
Ionizing voltage : 70 eV, Carrier gas : He 40 ml/min

temperature : 300 °C, Enricher temperature :

L2L, ABS BENTRBREFAIATHE LT, AOS
3 LAS T NTHERHERD T2, EBEORERR
T ERLRERGEL G0 E EXLbhb.
Fig. 7 = ABS, Fig. 8 w AOS o7 r=} /5 a%
w7

3.6 BEBEUTRMEIDER
LAS 7 42— A%E (1pg/ml) % LAS B2 LT
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Table 1 Recovery of LAS from pure water and
river water
S 1 Amount of LAS (pg)
Sample taalﬂgne Originally Re‘(:‘;‘v)em
(ml present Added Found
Pure water 200 0 10.0 9.13 91.3
200 0 10.0 9.33 93.3
200 0 10.0 9.%0 93.0
200 0 10.0 8.77 87.7
X (%)=91.3, C.V. (%)=2.81
River water 200 8.55 10.0 12.36 88.1
200 3.55 10.0 12.62 90.7
200 3.55 10.0 12.52 89.7
200 3.55 10.0 11.89 83.4
g 200 3.55 10.0 12.49 89.4
= 200 3.55 10.0 12.68 91.3
& | wn £ (%)=88.9, C.V. (%)=3.34
<
5 (I) 5') 1|0 1|5 2:0 2'5 % : Mcan value, C. V. : Coefficient of variation
Retention time, min
Fig. 7 Gas chromatogram of sodium alkylbenzene X, FBHRB L LREBRTE H/ENE AL
sulfonate (ABS) as ABS-F
Conditions were the same one as indicated in Fig. 5. 3.7 ﬂﬁﬁﬂ'\d)mm
A X ) REHROF/NINIKE T LR, 3
NCOERBN S (0.018~0.59) pg/ml OFFE T LAS 5%
BHI W (n=22, BINRBELT) . XA MB 8
RIBMELT, FEC X 5R%EME (GC ) & MB
B L HAEME (MB {H) OHEY{T-7%. Fig. 9
TDORERR R, FHEE MB o BERIZ, GC
fE=0.730x MB & —0.015 (FHES{Z#L 0.963) 218 bR
o ZOBHARAND b Bbaic X 5k, MB {Hit GC
fEL b2 ) @M% S %, LAS Lisho MB &R
BHIEDFERTHBEEL RS,
[N
L,_NA/"J 8 I
= 0
[ A
<
= . I ! ! I
[%210] 5 10 15 20 25 r
Retention time, min \?i
Fig. 8 Gas chromatogram of a-sodium olefin é o5t
sulfonate (AOS) as AOS-F ;
Conditions were the same one as indicated in Fig. 5. ©
(I~10)pg i B L ORBEDERD, T A2~ AHERE % 07 04 05 05 10
Eé-&, 2.3 @ﬁﬁ'{bu%@ﬁffﬁpc‘l hv— 7%@@%79‘ MB value, pg/ml
LREBREY FRLE. CoRR, FAvEs BEEl o Fig. 9 Relation between analytical results of

river waters by methylene blue method
(MB value) and this gas chromatographic
method (GC value)

RUVWEREF B bhic. BHBRRZ GC AET 0.1
ng THH, Zhix LAS % LAS-Cl L LTEETS
BE0K) 50 FoRBCHM L. Kkic, HEAZRO
JIIZK LAS 2FIL, ENKBR%T - icfE% Table
1 iR, Table 1 @& bhs X 5 fJIAD BEIT
FRUKC AT, ENEIEFECEERR LA, B

4+ & i
LAS % LAS-F ¥ LT ECD-GC CRE&T5HE%
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BHLUTOERELE .

(1) LAS % LAS-F 3%z 2ickb, LAS-CI
ELTERTABEORETH AN T 2 RESLB) F%
Biilb 5 o &3 TE, BEEOR W I r< 7T A0 E
Shir. XHBRHBEFRIT 0.1ng THH, LAS-Cl X
%) 50 fEDRETH - 7.

(2) #HA#FEALY vic XAERERIEE, "\ Vi
PEO~FH vEHEINUERR I BN HEREEED T
Lizkb, #RIVILETRWINELRE LRI,

(3) LAS-Cl o7, BREBRIEZL, 7.7 Vv
AEMBO~FH vENZ, BRIBAAORIEEES
T ko T, Parsons D feffiE B LicHe &
hEWIRER B Hh. L, oG LAS-Cl
L LT 100pg Bl ETit LAS-F OUEN—FE LiX b
o T

(4) FKR~OFMEIYERE, BEIE, EERE
EHIEHRETE LR/ EIE bR

(5) AEXETFHAHOFNMNIIKIGH Lice
%, TXTOREI S LAS 2l I hic. XARE X
BEIEME (GC ) & MB ghic X 2 RIEM[E (MB i)
EOAEBARGR R RD I Z A,

GC {fi=0.730x MB {—0.015 (#IB9{%% 0.963)

»iEbhi.
AP MB ko GC kit b, RERFH D
LAS ERBECHELTH D, BB LAS oBRBKEL
EEZ OIS,

Kbz, EHERTOCYLD, FRAMEEZVE
RWEERMAEEERE, BEVATHETR, AR
ELERE, HAKAARTEHRLET.
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Determination of linear-alkylbenzenesulfonate
by gas chromatography. Tadashi Tsukioka* and
Tetsuro Murakamr** (*Nagano Research Institute for
Health and Pollution, 1978, Komemura, Amori,
Nagano-shi, Nagano; **Department of Chemical
Engineering, Kogakuin University, 1-24-2, Nishishin-
juku, Shinjuku-ku, Tokyo)

A method for the determination of trace amount of
LAS (linear-alkylbenzenesulfonate) in environmental
waters is described, in which LAS is converted to its
sulfonyl-fluoride (LAS-F) and measured by gas
chromatograph equipped with electron capture detector
(ECD-GC). LAS was extracted into chloroform as
the ion-pair with methylene blue and the extract was
evaporated to dryness. One gram of phosphorus pen-
tachloride and 2 ml of hexane were added to the
residue and hexane was allowed to reflux on an oil
bath at (120~130) °C for effecting the sulfonyl-
chlorination. Then, sulfonyl-chloride of LAS (LAS-
Cl) was extracted with hexane, and the extract was
applied to a Silicagel column. After 100ml of
hexane was poured to the column, LAS-Cl was
eluted by 100 ml of hexane: benzene (94:6) from
the column, and the eluate was evaporated to dryness.
To the residue were added 0.5 g of potassium fluoride
and 2 ml of hexane, and hexane was allowed to reflux
in an oil bath at (120~130) °C for effecting the
fluoro-substitution. LAS-F was extracted with hexane
and measured by ECD-GC using 2 % OV-17 on Gas-
Chrom Q as the GC column packing. The proposed
method is superior to the method measuring LAS as
LAS-Cl in the following point: 1) Neither thermal
decomposition nor column adsorption were observed
for LAS-F, 2) improved reproducibility was obtained,
and 3) the former is 50 times of sensitivity of the
latter. Recovery of LAS in river water was 89 % of
averaged recovery (coefficient of variation: 3.3 %).
LAS could be detected in all of 22 samples of river
water. A correlation among the analytical results of
these river waters by the proposed method (GC value)
and methylene blue method (MB value) was showed

17)
18)

19)

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

w® % wl, FER, RE, HH, ER: /1M VZI5HBHBROEERD AXSH 729

Keyword phrases
anionic surfactant; determination of linear-alkylben-
zenesulfonate as its sulfonyl-fluoride; gas chromato-
graphy with ECD; environmental water.

by the equation of
GC value=0.730x MB value—0.015 (correlation
coefficient 0.963).
(Received April 4, 1983)

HItEA I HRBEBDERD AKX

E)IRIE® , PAEM=, HREHEMN, SEHER*, ERERE™

(1983 £ 6 A 22 g %)

B4 VEGAI) & pH 4 Tk (e 4 v 1 88=1:2) 24£KL, FRELETCHRVEIERD AX
(RTP) 2%+ 5. &itho RTP Kz RN L, HEHOWE ) AXITELELLL. BID RV
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