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ABST RACT 

A te,:hnique fo: seps, ratin$ sin;i~ar and diverse ionogeni,." ~tixt'tll.t".$ 
into their imlividual ho.rr.olo~s was studied by h~h performance 
liquid c~romao...-gnr,,phy on ,m o,-t~ae~.l.,2tlictt (ISK Gel LS..410) 
ce~l, JrTl,'2.. (~onc|itions u~'d for the ~.pllrlrior': u,~r,e: eoi lar l l r l  $iz,e, 
6 mm id ]c 21.)O rttm. :'nobile phas<, water/mer~:mo~ (15:85. ,,'Iv) 
r Ca) 1.0 M k+dlum pc+chlorate ar.d adjusting to pH 2.5 
with phosphoric add. (b) 0.1 M and pl ' t  J.5; column temp., 50 t,:. 
B y  Ut . ing  2 n~bile pha.,.e conditions, v,,riout .,u.Jrfmctant mixtures 
were ~'parated into :heir individua; homolol~ and simudttneou$1y 
distingui@ed from cac'h other, regardless of :heir iono#:nie proper 
ties. 

INTRODUCTION 

Surfac~an:s are classified as nor'.ioni~, anionic, canonic and 
amphotcr ie  according to their ionogenic properties. Corn- 
mc'rcia: toiletry an, |  cosmetic products ,  c.~., shampoos and 
hous-:htdd detergents,  usually ctmtain 2 or 3 of the same or 
different  it ,nogenic surfaetants  which are generally a nztx- 
cure ,~( Fomologs .  As general propert ies of d:ese con |me t  
cial pr , ,duc ' s  are dependent  on tile omtb inaz ion  of surfac 
cants and lengths of the lipophilic groups, the simuhanet~us 
separ~ttion t~f each surfacran:  attd that ,~f their respective 
hom~,h~#; :s necessaO" tt~ eva2uare their properties. 

Ion exchange chror:ta:c~grapky (1) has been used to sepa- 
rate surfactant  mixtures  tm the bas:s o r their ionogcnic 
difference. St 'paratio~ of surfacrants of like ionogenic 
charae:er  using sah ing- .u t  c h r t , m a r ~ r a p b y  was dlseus~'d 
in detai! bv Fuda.no c c a l .  (2L It,.twe,,'er. the u ~  of tl".ese 
r c~r<~rttatt~grap}tic r~chniqaes prtdortgs analys:s. 
of ten taking days for separation.  On the other hand.  the 
Itonzn:ogs t;f ind.:vid,lal' s~rfact:mts hrvc been ~ 'parated bv 
gas c!tromatograpb.v (r thtwever, this rtctht~! usually 
rcQutres con:ers i tw ,ff sur{aerJnrs it:ct~ volatile derivatives 
1< f~re analysis. 

In recent )'ears. several papers have been pub'.isi~cd on 
d~e analysis of surfacrants  using high petf t ,nrtance lis 
c.~ron~att~raphy (IIPlA:) ~,ith p,~rous micrt:,sphe,'k:d 
poly(st! , ' tene-divinylbt 'nzene) ge:s (~), "rod ."cverse pi~as,: 
packing conta in ing octadeevl ~ilane groups them|ca:Iv  
bonded  to silica gel (()DS/sl'.~ca) (4-71. in these patters. 
F.(,wt'ver. emphasis is on tee separatJor', of indw,dual s,z,- 
factant  |tor11.o:o~s. ,Mare, dif f icult ies arc revolved nf they 
are t~ Ire applied to, ti 'e analvsis ot surfactant  mixtures, 
i.e.. the sir l :ul taneous st'paratio:~ ~t individua: surfactants  
from each c, tJ:er and irr~m their rcH~ecti,,'e hon~ol,~gs. 

We hart: been s tudying the' separation (,f surfactant  
homoiogs h;' ttP[.(: using ODS/silica, which is the most 
:videly used of tl~e co!urnn packings. ,rod reported 2 
methods .  One was tht: acid atklition nt t ' thod us|n?, a n~l.x- 
turc nf ~sarer :~.nd t:lCt!lanol, a d j z J r  " t o  pli 2.2 wit!l 
plzosphoric at'k! a~ a mob:I t  phase (/,l). The ott 'er was t!te 
sa:t a,.ld:tior: rio. |hod I, I S i l ' l g  a mixt-Jre of  ,.,,atel-and rlle;h- 
aettl conta in ing o.4 M s,)diunl cFIoridc (NaCI) (9). ttou,'- 
ever, the se,~aration ~,f ar:~ph~tetic su~aczant  horn|dogs 

and ~.e separarion of individual su~acranrs  (rum cad: 
od ' e r  were no." disct:ssr.d in these papers. 

In this study,  a ml•  of water, metham,'. ,  sodi,zm 
perehlor~te (NaCIO.t) and phosphurw :~c~d was used as d:e 
mobile phase to develop fundame.'~ral merhoded,t~" ap- 
plicable to the s imulranetms separation of  individ-,al ~ur- 
tacta~ts from each other and their respective homologs. 
,~s a resu:t. 9 typical s u ~ c t a n t s  were s~paralcd into tl 'elr 
resP~u.rive humologs,  regardless ot the:r ionogcnic p roper  
ties. Moreover, rhese sut'f, aclanc homolog mlxture~. Wel-e 
,:!early dist:nguished from each other, b)' adjusting :he 
mobile phase pl l  and the concentra t ion  o r Na(::O.s. 

EXPERIMENTAL PROCEDURES 

Materia[s 

I lomologs of 9 o'pical surfactants were u ~ d  :.'1 ,'his study. 
Their che:uica: s t ructures  and symbolic name~ used in this 
s tudy are i!lustrated in Table 1. The respective h~wlol,)gs 
were n-deeyl, n-d~tdecyl, n tetradeeyl,  n-hexadecv: and n- 
oetadeevl  derivatives. Tile purit :es of alkvl chain len~:th 
~,f all the surt actant  homologs were "- 95% by G(:. I:D[.I. 
BzAC, S, .~ and SNAG were the same grade as used in Ore 
p~'evi~3us studies. The A1"C was special reagent-grade ( l 'okvo  
Ka~i  Kog3,'o Co., Ltd., Tttk', 'o, Japan)  and was purif:ed 
by recry~tal!izahon from ethanol.  Other  surfactant honm- 
I(~,.s were synthesized and purified in our [aborarories by 
the technicues  deseri t~d later. Their r st:'uezures 
were confirmed by IJC-nuc',ear magnetic re,;.t, ancr (N.M|,~,), 
I[[N3,tR and L'~f~ared ~IR) spectra. All solvents ~.ere of 
analytical reagent grade. 

.-t1'(" A mixture o r alkv:chioride (001 M) .~r:d pyridine 
(O.Ol ,M,) ~sas retluxed at 110-J4U (: for .1-4 hr. I'he reacrion 
products  we.x: purified I)y ree:vsta: l ization from acc:n:tc. 

.-ll)B A~k~ldlmethvlamine ~as prepared by rcacti,)r t,t 
alkvla: 'ninr (0.1 M), fltrmir acid (O.2 M) and ft~rn:aldeEvdc 
(0.2 M) m the pre~r',cc of 100 ml,  e thanol  fur 12 hr ~m a 
steam bath. In order to obtain a lkyldimethylan: ine  widl ,m 
alkvl chain lengrh ot  ", 95% purity,  the rcact.,.q products 
were ."tac:ionallv dlstdled w:th a spinning-Sand of lumn 
(Pe rk in  Elmer, USA). 

Purified :dkvklinlethvla:nirte (0.02 M) wa~ aJ,twed to 
react with .s,,)dit:m monL~'h',ort~acctatc (0.021 M) !n rile 
pre'sc..ncc of 20 mL water and, 20 ml. is(,prop:,.nol at 75 (: 
for 5 hr. ~,~,'arcr "rod ~s~tpmpannl were .'hen d~ti'.led ,,ff 
under  reduced pte:;sure. ADR and unreactcd alkvldimerhvl- 
amine  ~s'r extracted wirh eh lorof0nn  fr,Jm the rcacm,n 
pr,~!ucts, and ttze '.a:ter was removed with petroleum 
ether by S,,xhlct extract i ,m.  

.~.lP. Alkvlamine (O.2 M) was dissolved in IUO ml.  cvcl,,- 
hexane.  Methyl ace,rare (0.22 M) was s~owlv added ~ith 
stirring at 30-35 C" followed by ,ldd!tltm of 50 ml.  is~- 
prctpanol. The reaction was done a~ 75-80 C for 2 hr. 
L'nruacted n~e:hy: acrylate was distilled ,~!'f u rde r  reduced 
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SEPARATION OF SAA MIXTURES BY HPLC 

TABLE I 

Chemical Struetures of Surfaetants Studied 

Surfactant name Symbolic name Chemical structure 

Nonionic surfactant 
(A) Fatty acid diethanolamide 

Cationic surfaetant 
(B) Alkylpyridinlum chloride 

(C) Alkyltrimethylammonium chloride 

(D) Alkylbenzyldimethylammonium chloride 

Aiaionic s~rfactant 
(E) Sodium alkylsurfate 
(F) Sodium N-acylsarcosinate 

(G) Sodium N-acyl-L-g/utamate 

Amphoteric surfactant 
(H) Alkyldimeffiylaminoacedc acid bctaine 

FDE 

(I) Sodium a] kylaminopropionztc SAP 

/CH2CH20H 
FICON 

kCH2CH2OH 

CH3 --I 

SAS R OSO3Na 
SNAS RCONCH,2COONa 

i 
CH 3 

SNAG RCON HCHCOOH 
I 

CH2CH2COONa 

CH 3 
I 

ADB R--N+ CH2COO - 
I 
CH 3 

RNHCH 2CH2COONo 

pressure. The reaction products  were suspended in 100 
mL water. Sodium hydroxide  (0,2 M) was slowly added 
with stirring at 90 C, The solution was neutralized with 
10% hydrochIoric acid: Excess water was removed on a 
steam bath.  Nonhydrolyzed  methyl  aIkylaminopropionzte  
Was removed with petroleum ether by Soxhlet  extract ion,  
SAP was then extracted with ethanol.  The ext rac ted  SAP 
was purified by recrystall ization from ethanol.  

H P L C  Appara tus  and Opera t ing  C o n d i t i o n  

A Model ALC/GPC 201 liquid chromatograph (Waters 
Assoc., Milford, MA) equipped with a Waters Model R 4 0 I  
differential refractometer  and a Waters Model 730 data 
module were used in this study.  

The chromatographic column (6 m m i d  • 200 ram) was 
constructed of stainIess steel. Warm water was run through 
the jacket  to maintain the column temperature at 50 C. 
The column was packed with TSK Gel LS 410 (5 #, spher- 
ically shaped ODS/silica; Toyo  Soda Manufacturing Co,, 
Ltd.,  Tokyo,  Japan) using a mixture of methanol,  dioxane, 
carbon tetrachloride and "slurry solvent B" cone (prepared 
b y  Macherey-Nagel, Dfiren, West Germany)  as a slurry- 
form/rig solvent. Chioroform was used as a pressurizing 
solvent (packing pressure: 450 kg/cm2). 

All the samples were prepared as 0.5-1.0% methano/  
solutions, and 10-20 ~], were injected into the t lPLC 
column using a Waters Model U6K septumless loop injector.  
All experiments were done under isocratic condit ions.  The 
flow rate of the mobile phase was set at 1.5 mL/min.  
Capacity. factor (k')  ~r and height equivalent to a 

theoretical  plate (HETP) values were evaluated from the 
chr0matograms in the usu~ way (10). 

R E S U L T S  A N D  D I S C U S S I O N  

Our previous study (9) revealed that the different  inorganic 
salts and their  concentrat ions,  as well as the water  conten t  
in the mobile phase affected the separation of the surfac- 
tant homologs in the -salt addition method.  In this s tudy,  
the resuits indicate that  not  only these factors, but  dif- 
ferent organic solvents and mobile phase pH also affect 
the  separation. These factors therefore necessitate that the 
condit ions be optimized.  

Ammonium chloride (NH4CI), NaCIOr and NaG1 were 
examined as. additives. The volume ratio of  water  to meth- 
anol. in the mobile phase was 15:85 whereas the concentra-  
tion of the individual additive was 0.2 M. The k' values and 
the HETP values of  the respective hexadecyl  derivatives are 

�9 given in Table II. The results indicated that  these values 
varied with different  inorganic salts. Generally, increase of  
the k ~ values resuited in good separation of homologs, In 
order to increase k '  vfilues, NaCI was effective for cationic 
and amphoter ic  surfactants whereas NaCIO4 was effective 
for nonionic and anionic surfactants.  The HETP values 
of  all the surfactants generally decreased and thus sharpness 
of each peak increased by using NaCIO4 as an additive. 
Instead of the NaC1 used in the previous paper, NaC104 wz.s 
chosen as the additive in considerat ion of the HETP values 
and solubil i ty in the mobile phase used. 

As a mixture of  water  and water-miscible organic sol-  
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TABLE H 

Effect of  Inorganic salts  

K. NAKAblURA AND V, MORIKAWA 

on k' and HETP 

Surfactant a 

NaCl NaC104 NH 4 CI 

k' HETP (mm) k' HETP (mm) k' HETP (ram) 

FDE 
APC 
AT(: 
BzAC 
SAS 
SNAS 
SNAG 
ADB 
SAP 

3.23 0.8 X 10 -2 3 .54  0.7 • i 0  -~ 3,30 o,8 X lo  -2 
3.83 23A 2.67 4.8 3.20 9.6 
2.54 �9 6.0 2.19 1.0 2.22 3.2 
3.16 1.6 2.52 1.0 2.73 0.9 

,60 1.1 4.47 0.8 3.39 1.I 
3.41 2.7 4.30 1.1 3.62 1.6 
Z.18 1.2 2.79 1.0 2.28 0.8 
3.16 3.8 2.61 2.6 2.67 3.0 
2.71 2,4 2.59 8A 2.39 1.4 

aHexadecyl derivatives. 

vents is usually used as the mobile phase in reverse-phase 
chromatography,  methanol  and acetonitr i le  were examined 
in this study.  Water content  and the concentrat ion of  
NaC104 were set at 10% and 0.2 M, respectively. The 
water /methanol  mobile phase gave good separation for all 
of the surfactant  homologs. However, water/acetonitr i le  
gave poor  chromatograms for several ionogenic surfactants 
such as ADB, SAP and SNAG, as shown in Figure 1. This 

�9 phenomenon is a t t r ibuted  to the fact that  these ionogenic 
surfactants have little solubil i ty in acetonitr i le.  A mixture 
of water and methanol  therefore was used as the mobile 
phase in this study. 

The effect  of NaC104 concentrat ion on the k' values of 
the respective hexadecyl  derivatives is shown in Figure 2. 
In the concentrat ion range 0.025-0.1 M, the k' values of the 
nonionic and amphoter ic  surfactants wcre fairly constant ,  
whereas those of the anionic and cationic surfactants 
increased slightly with increasing NaC1Oa concentrat ion.  
The k'  values of all the surfactants increased markedly with 
increasing concentrat ion of NaC10a in the range 0.1-1.0 Nl. 
As described in our previous paper,  the remarkable in- 
creases �9 in the k '  values were due to a salting-out effect. The 
bomoIogous separation of  all the surfactants  increased and 
thc HETP values decreased by increasing the concentrat ion 
of  NaC104. 

At  3 concentrat ions  of NaCIOa (0.025, 0.1 and 1.0 M), 
the effect  of  the mobile  phasc pH on the k t values was 
cxamined by adding phosphoric  acid to the mobiie phase. 
The volume r~ttio of water /mcthanoI  was 15..85, The results 
obtained on the hexadecyI derivatives arc shown in Figure 
3. Thcse results indicate that  the effcct  of the mobile phase 
pl t  on the k '  values are dependent  on both  the ionogenic 
propert ies  of  suffactants and the concentrat ion of NaC104. 
The mobile phase pH had litt le effect  on the k ' values of  
nonionic and cationic surfactants.  In the case of  anionic 
surfactants,  the k ~ vfilues increased by increasing the acidity 
of the mobile  phase. This effect was most remarkable at the 
0.025 M NaCIO4 concentrat ion.  Amphotcr ic  surfactants 
behaved in an interesting manner.  Their  k '. Values were 
independent  of the mobile phase pl t  in 1.0 M NaC104. At  
0.025 and 0.1 M NaC,1Oa, the k' vfilues decreased drastically 
by increasing the acidity of the mobile phase in the pH 
range 2.5-4.0. This behavior is a~tributed to  the electro- 
static propert ies  of amphoter ic  surfactants  which act as 
cationic surfactants  in an acidic environment.  As the cnn- 
centrat ion of NaCIOa was decreased,  thc effect  of the 
mobite phase p l l  on the k ~ values of  all the surfactants was 
also decreased, From these results, it was concluded that  
the ion supression effect  of NaClOa was stronger than tha~ 
of  phosphoric  ~,:id. On the other  hat~d, the HETP values 
were generally decreased by irtcreasi~g the conccntrat inn 

~A~ Cll 

10 20(rnl . )  

Clo 

L 
20(rain) 

FIG. 1, Effect of  organic .solvent on separation. (A)~ water/a~,etoni- 
~qle; (B), waeer/methanoI; sample.. ADB homologs, e.g., C,o means 
alky[ chain length in lipophille group is 10. 

0.7- 

0.5 

0.3" 

V 
S 

o.ol o'.1 1:0 
Concentration of NeCI04 

FIG. 2. Effect of  NaCIO 4 concentrat ion on k t. O=FDE, A=ATC, A= 
APC~ A=BzAC, I=SAS,  L~=SNAS, [~=SNAG. C)=ADB mad 0 =  
SAP. All the surfa~l~JltS ate hcxadecyl derivatives~ 
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SEPARATION OF S,LA MIXTL'KES BY JJPLC 
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kk~Cl O. 
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1"1(;. J. Etfr162 of  m o b l k  ph,L~ pl! lit1 k'. S)mbol,~ ~ . :  ~ ~tame ~ 
I:~z, z, 

1.0. 

0.5, 
f 

. /  

1,,, 
Alkyl r  I ~ t h  

FI(L 4, Relat ionship  beltw~ecn L~ll (k')  amJ alkyl d~ii.[1 le~[~t)l i~ lipo+ 
vhilir group. Syntbol~  art- ~he ~lrn, e ats in Fig. ,Z. 

of ~,'~CIO+ and :lcid:%" uf thc mobile phase. "T'hert'fure. 
the t 'oncr ot NaCiO4 and the mobi le  pha~c p/t  were 
~'l  at 1.() .~.I. and 2.5, respec,twcly. :n c,>nsld('ra,ti~m ~rf the 
t I [" IP  val:Jcs and zhc acid resistance l imiz t~f (')DS/~ilnc:z. 

As the w,ztcr c,)ntcnl in cite r, tob']r pha.~ was mortared ,  
the ~,,' value,, i n c r r  wtzi,:h rc~t~'.,tcd it: :mpr~ , r  .,,epara 
uon o: the h,>rn(,Iog,i. This v,':,ter o m t e n :  cf fcc t  was ,t:'t<" 
~.'rzc as that drs, ' r :bt 'd Jn the prrviou,,  paper. In d'JS s,l,vdv, 
t!te vo['. 'me i'.tri(, ~,( water t++ nternano~ was 9...t at 15:$5. 

I:kt:u.,'c 4 sh~,ws the re:at ionship be tween the I,p,>ph,l:c 
gr~up alk',': ch:~in ':enl/rn ?.nd Iogarithn';ic k' valises us:ng the 
m,rbile pha.sc just given. A lint'~r rcia[lonsh:p ~.:ts ft~:nd f~,r 
a~l the stir."acla:tt homol(,gs. As sh~wn in Figure 4 all the 
surfa~zan:s '4~cd in thi~, ~aud;" were e[fit ' :entl; '  ~.p?.r.~rt'C 
zn,l,(~ : l 'eir  rcsptct ive  h~,m,>log.,, ist~r.~ti,:all:'. F:.~"t:rr .l a'~;~ 
indicates t}tat ','a,',,>o~ ,onogenic StJffa.ct.'~nt rl~ixr'Jrv~, arc 
s:mt:l:,inc~u.~];' .~p.zrare~i m:~ their m0n~idt:al homo:ut;s.  
l 'yp , ra l  ~pa."at ions of surfac:ar:t  mixl~:Cs ar~" sh~,v,n in 
Figurc 5 {I~nc n-r ' iunir  antl 2 amphotcr ic  surtact,zrt:s). 
I:ii.,'.Jrr 6 ~J aninr'ic surfac:anrs)  and Fi'zurc 7 (3 cat~,m:c 
surf' ,cranrs), rt'$pect~vt-:'.'. A mixture  r~I ar:ionir (SA.";). 
ar 'q)h~lcnC (AI)B) .rod :tor+iunit" (FD[-)  .'.tJrfac,tant h~rl|r~- 
1 ( ~  wa.s also ~.paratcd ]ntt~ tJ~c'ir i~.iP.'idt,:!l h,>mi,Iogs as 
s h I ~ n  in Fi/,urc 8. 

"The tcpr,)duc;bili,l,y and degree o f  t~uar~tit::ti,a:| r~btaincd 
by the present me:hod wa~ cxamint.d.. In the r ,)f rhc 
mixture of  ..k['(:-."iAP t,,m;ulotts a:td SAS FI')F Ito:t'~olo;~;s. 
the an~lvtic.-d rc.,.ulls a:'e summarized in "l:zblr II1. (',t~• 
reprt,ducibilJry was obta ined:  Cv (%) :,.as cuual :u or  Iov.'t-r 
than 2.91%. Thus. t!te present lechr~ique ~.a.~ ~r~,vt'n to hi" 
c~mverzient in .'u:paratJr'.g rqixtures of  rht" s3mt" ,>I" dif ferent  
ionugen:c r;tJ rfactar;r~ :nt<, thei r  md:vki',Ja[ h,m'.~lu[zs in onc 
ch rom,~rogr,~phic an,fivsis. 

Two c,)'l':bi;latior:5 rff surr 'atlanl h.~,r1:t~h,gs werc nI~t 
~'para,tcd t:sins thL'~ s.amr :l"mt,ilc p!)a~.. (}m. v,.a:i, a mix: . , re  
o f  ..~.DR .'nd T.~4(: !mn:olog~. "Thmr corrcspundin~ h~,11ul~,gs 
.had the s~r:~e k'  ,,':dt:e~ as s!~o~r', nn l : igurc 4. Bv using ,'he 
t'haractt-ri~.*,nt" dept'ndcr:(t~ ,~t" ADH on the' nl~bi:e p h ~  pi t  
and  the c(,neenri'.zr!o.'~ c,f NaC'.O-. d:cv ~c.'c cffic:cnl]y 
scparatcd inlo  lhcir rcs?CClWC h~vlt~,h,gs an,J clearly dis 
tinf..uished fr(,m cz.,.:h Olher ,~s .4~m~. in Fii;u:'e 9. The 

C , u  

NI A Iq I ~ , ~1 

! ' / ,  I I I �9 . �9 

( , m ~ f  

F| ( ; .  5. Separlcmrt of a zri~.tur,-" of F,I,)E(,.z.), A,t)lWl'l) a.nd SAP(1) 
tlomulolt*.. Mobile ph i l ' :  wmtef/meth,,ulol (15~R~, ',,I',,.)r 
1.0 .',A/,t. N=( . l t ) ,  .L.ld adju~rkng t .  pl! 2.5 ~izh  l~htJ,tpll,triv acid. 

C.. 

,_..y._" 

D It Eli m 

~  , 
. . .  

i ~ lb = fs ~ a 
(lllml 

F-If;. 6. Separation of ,t rl|i~ttute of .,'IdPC(ll). AI"C(C) and ;~,/t~,,{;(I)) 
hemc, log~. Mobil,.. pa~a.~, ct, nd;ziUrl ;'. latzr ~ iS [11 Fig. 5. 

n:o|, i lc pt':l~" was ad'-sted. ,to tL l  .'~1%at']i().l and p i t  3.5. 
"|!It" other  w,~ a r l t i•  ,ff ~.%'.\(; ,,nd ,.~,I)B humo:,~L'.r,. 
i h e  hor:.mlo~s d i t tc rcd in alkvi  ch,un length [,,," ? mc'lhyle.qr 
t, n its. hu.t sr~d iu m N- :,. t radt.r m art" ,in tJ h,.:xadcc~. hi: 
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mcthyktmino'~cetic acid I).(:~;{(rIC h~d d~c s , ~ e  k' v.~lucs 
This mtxrut~, was scparatcd ~ith 0.1 51 N.~CIO~ and p[( 3.5- 
~d;ustcd m o b i l e  ph-~usr 

. ~  the c o m b i n a l i o n  o t  r j~e~ Par~!cular an ion ic  and cat- 
Jon,c ~ a r f a c t a n r s  is unusuaJ in commr pr,k|UClS, tt:cv 

1 
~ "  ~ m ~, ~ z~ -de 

FIG. 7. Srpxr-,(ion of m mixture of  SA$(E). SNAS(F)and  SNAG(f;) 
homologs. Mobile p h ~  condition M the ~unr ~ in Fig. 5. 

{ 

, | 
;~_ s'N__ 

1.1G. 8. Separation of �9 m ~ t u r ~  o f  F D E ( A ) , S A S ~ E )  m~d ADS(I t )  
homok~gt. ~d,,)bik: ph=.~ condh~n is ~ ~c a ~ |:~g. 5. 

TABLE I l l  

Rcproducibi l j |y of Homok~ou)  l)i~ibuzion 

Alkvl  d, zin Prc~nt Fo u rM a C vb 

wcrc n o t  di.wussed ~n d:is ~:udy.  
It is p(,ssible :o apply :his newly develo~d ~echrllque 

ru the  s e p a r a t i o n  and i d e n t i f i c a t i o n  o( n~any o t h e r  ion<r- 
genie  s'art'act,lnt h()n,~log$. Recent!y, 1! :5 dr ,decyl  der:.v,ztlve~ 
(4  norli,;,rlic, 7 =niontc  and 4 an :pho t c :~c )  u ~ d  in c o m m r  
cial s i~ampoos  w e r e  f ound  t,~ b e  r  s e p a r a t e d  and 
c',earlv dis;i:L,a~ishcd ( :ore  each  o t h e r  bv this =echnique .  
"l'hcse an,-dvrica[ ~ s u l z s  will be  r e p o r t e d  in o u r  n e x ;  p a p v r  

AC KNOW L.[~ D(LM F.NT% 

l f ,e  =uthor~ thank T'~kco Mi:~as for d l o~J ,g  chcm to publi@~ this 

~(Lp er. Tha:~k~ ,1~o ,o Tazsuva ()zaw~. Ok;,hiko 5~ta~ozo and 
ao Komatsu (ur helpful di~'utsion. 

Ri-i:ERi-N( ;ES 

1. (;Ibrir D.M.. a~d V.J. Mulie~,, in "Anionic Sur[4ctanz~ 
('hrmi<zl Analysis," eJized by J. Cro~s, .'dzrcc: [~kker .  lar 
N,ew York, NY. t977. p. 2)4. 

2. Fuda:1o, %.. tad K Konid'j. J. Chron, m[og~. 51 211 (19/U), 
56:51 (1971). 02:467 ({yT1), 15~:15.] (1972), 71:9J (1972) 
am{ 77:351 (197.'t). 

$. Nakae, A .  :{rid K. kunihiro, Ibld. {54.459 (1977), 157 1~7 
(1978). ~md ]56 . t67  ~tY7~,). 

4. P=rds, N.. W.M. [Jnficlc znd R .A  B~uf~,rd, Ar=l. (:hem. 
49:222E (1977). 

5. 5,~k~t,,'~ozo, K.. M. F~keh~ua grid A. Id'~=wata, 32~J =nnu~l 
mct: ing o'." col[oid t'~d ,-,u~ace che=~is~r)', K,~chi-~i.. lap.m, 
OcL 1979. p. 264 

6. 1-hornz~. D., rand J.-t.. Rocca, An~usi~ 7:396 (19791 
7. P~ris.  N.. 1. L.iqu. Ch'for l"=lLtt . '~. J 17.$:I {198(U. 
,~,. Nakaxtta)i, K., Y. ,M,~rikawa a~J I. M.ltstlrnoZO. Yuka~=).ku 

29 .501 (1980). 
9. Nskanlur|. [~., Y..M,o~'ikm~a and 1..Mat~J..~.,xo. JA(R;S 58:72 

(19~{). 
10. Kafgcr. fi.[.., in "M(~lr Vracfice t)f Liquid C~lroa13.t t~l~VJph.v," 

edited by J.J. kirkl=nd. Wilr)-Inzer~.'~r.r New Yt~r;,. N'~', 
1971, p 10. 

LRcceivcd ,May 4, 19811 

z, 0 
cJ 

Sa:;llllc 1~l|.et~'z (r,;,~fl %) (area %) (%) o 1- 

,~lJ..'~l%Jr~ ( A )  
lO 22.63 ~2.r)9 u.51 

AP(" 14 {A.~6 17.~ 0.40 ,'L,J 
10 ~0.64 21.68 O. 8 , . ~ - J 

10 20.59 20.10 2. lu  "r 
|2 {7.34 17.71 1.2~ 

t .%AP i.{ I q.47 19.17 { .CK~ 
16 19.]3 19.70 1.2g .. 

lg  23.27 2~.36 2.74 
. . . . . . . . . .  (,~ 

~& x r~rc (B) .~ 

I 1Z 22.77 21.34 2.47 
~g',; 14 ~8.~]  19.51 U.R] 

J6  L8 .4( )  1 9 . 8 7  2 . h i  (B~ 
18 19.32 J9.41 2.91 

I0 24.66 24.27 ].6~ ~ - -  - l "  ~"~ \ " ' ---- "~'  ~ 
t 2 2L .22 2 I.t~4 0.84 .. 

F[)F 14 27.16 2{.37 {.Oh 0 5 1"0 15 2"0 (min) 
It, 15..54 14.94 0.87 
18 16.42 1538  2,1K5 FI.G. 9. Separ=r o f  a mi;xzute r ATC(CI ~mO ADB(I'I)homo[op. 

- - - -  (.4)= mobile phau- r b the ~amr as in Pi~. 5; (B): mah,'~. 
almkrn a~ Z.~:t" avetm.k't ft. ~ 5 rc;'lic~rr a.nmJ).~t-~ ph=.~r is warerlmcth.,mol (15:85, ~h,') conr,tining 0.1 M/L NaCR). 
L'CLx'Ffivir of vzriazior), told ~lju~tklr [o pH 3.3. 
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