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ABSTRACT

Retention factor (k), retention index () and efficiency (M for homologous series
compounds, such as alkylbenzenes (BZ), alkylaryl ketones (PN), alkylbenzoates (BA) and
alkylparabens (PB), in microemulsion electrokinetic chromatography (MEEKC) with suppressed
electroosmosis were investigated in a wide range of the concentration of sodium dodecyl sulphate
([SDS]), separation temperature and applied voltage. An MEEKC buffer used contained a
pbosphate buffer at pH 2.5, 1.0% v/v n-octane as oil, 100 to 200 mM SDS as surfactant and 890
mM 1-butanol as co-surfactant.

Retention index is independent of [SDS), temperature and applied voltage, while k linearly
increases with increasing [SDS), but linearly decreases with increasing temperature and applied
voltage. The efficiency increases with increasing [SDS], while decreases with higher temperature
and applied voltage. At given [SDS], temperature and applied voltage, the values of N are
insignificantly different for each homologous series, while different for different homologous series.

Over a wide range of [SDS], temperature and applied voltage, the linear relationship
between log k and number of carbons (z) is obtained. The equation of log & as a function of z and
[SDS] was modified to predict the values of log k of homologous series compounds. At given
[SDS), excellent agreement was found between observed and predicted values of log & of analytes
in MEEKC.

Using BZ as standards, the linear calibration plots between log K versus log kor log K|
versus / were obtained over a wide range of [SDS], and the values of log K, for PN, BA and PB
were predicted from log k and /, where log K is the logarithm of octanol-water distribution
constant. Using paired f-test analysis at 95% confidence interval of the mean, non significant
difference was found for the predicted values of log K obtained from log & and /. In addition, good

agreement was also found for the predicted and literature values of log K, for each analyte.
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1.1 yamggaloveanuivy

Araa13oidn InsHoSFe (capillary electrophoresis, CE) iumaiinmsusnaismold
sniwaves I lunasansfian s 191302108180 Ins 1o (background electrolyte,
BGE) MANMSULAEIZ0IH0AIBUANATINEIMIANVI NI Ve InIsIadouine T
(electrophoretic mobility, u) & i Audasidaussninndsgdevinaveslesou [Khaledi: 1998,
Camilleri: 1993) D9yt Tumaiin CE aunsalszgnd1¥iunsuonas Inannarusiia Haes
filszy uos Wilszy as oz 18 wazaisiiazaioih 18un Tao CE idoane umaiing
qLAIN 199137 ﬂm';"nhzﬂﬁﬂﬂ15ﬁ'mzi‘mmzﬂnnznwﬁlﬁn'[m'lnﬁ'

CE wiseen lanawlszmnawna lnvsamsuonms 9u aziaat’ lvudian Insves
et (capillary zone elegtrophoresis, CZE) ilumnafinil BGE lunziaaififutiidesing 1 uas
o uonnsiiilsey dmfumsuenmsidunaiadao ce Aduiinduiall fe Tuwa
arisianIns laneinTasuiInnsi# (micellar electrokinetic chromatography, MEKC) Tau#i BGE
01 MEKC Yiznoudaumisaaisanei sauiiiu lnsanifide (micellar phase) i
pseudo stationary phase SAAAIUAIANDYIT (stationary phase) ulamenefinudanialas
wInns W (HPLE) tdluge 34 Fidhmnmatia cE dndszanwitai 183 uanvaulaih
aghads Ao TuTasdvasuddninslamdinTasu Inns ¥ (microemulsion electrokinetic
chromatography, MEEKC) [Watarai: 1991, Terabe er al.: 1992, Altria er al.: 2000] Tﬂui'i BGE
Usznoudiononlui ssanus siaia uozaisanus sdaiasoy Faadlumaiviuiidszy
(charged. oil phase) Az MM pseudo stationary phase A0 lWiwadlu MEKC nalnnis
(Vo3 1uimATia MEKC (ng MEEKC 3A0A1AIAY8a013 N5 £910 (distribution constant, )
YDIA135EM I pseudo stationary phase UAIOIRIUAIE (aqueous phase) Taufimaiin MEEKC
prnsfumsuonamsnanamni & iouosarmioi 18on lusasfimaiin MEKC mansfu
Aoz 1dadalnas duiing wiuRTIMgANIsUMsIRABU AN ITUonYeIa1s i
MEKC dunsneduinla laoldvdnmsuaznquijves HPLC a8 waunsAny oy
nqufjveamaiinma HPLC uaz MEKC aunsminnidiu MEEKC TRivuriu

woamveanguisoidnan1ddnnileduiiinadenisuonvesmsndumaoigiiuesd
{msﬁﬁnnfmﬁamu?wfﬂu] Taoldmnatin MEEKC [Nhujak e al.: 2006, Warangkana:



2004] uax 1éAumuesiaud miteumsmsuonvosms Lidiu Wauaunisinoiiswamn
Aoy waraumsve s I aeandesiuninaass uaranninWaunislunisesuioilede
199 Nikademsuenveams 14 luvasimumsiinoiiswau s msuonvesasnnnnda
anuiiueT amatomh (2 83 1000 fua;jﬁ’uﬂmum MEEKC #14) uannm‘fﬁqﬂs:qnﬁ'mﬁﬁﬂ
MEEKC dmiviinsioidinauanladuiaylaleTasuanleduludrosiandn (oo uas
ame: 2547) nazmuinSaiidinse 1daeandesiumaiia HPLC Taof MEEKC iide
WBlfoumiiomaiia HeLe Ao Tidesfiunounsmioumedsiigin ondumsnseauas
nsdevisnsminiy Tuvaisfimniin HPLC dosfitunoumsmiamsfionezanlunednilag
MsATuABY solid phase extraction Fudunamazaundesn 1w sinaanuifovousds
yUINgAnssuA1S e pmsiiiadeyanaznguin 1§ lunsefmonisaldounlag
woAnssumsiadeuiive s iy sisuiudaulsdig wiiltifesnnmaiia MEEKC (fu
maiinlmidindnunds

wuEﬁuﬁi«tﬂuhﬁﬂ:ﬁmqyﬁmq HPLC 1as MEKC infnuileduiifinadonginssis
musunazdsransnmlumsuenvesaislumaiin MEEKCTasi 193 musuurnned
(retention factor, k) AVINUFUBUAN (retention index, /) uazdszaninmysimsuonais
(efficiency, M) 1 1¥lumsofuis Taosnguaisiiaulssziualszinn homologous series i
fnnumiueuinlu Tiena Taoiluandiofin 1 ¥msnanoudagas Tnssadregd 1.1
14un SaRaluudu (alkylbenzenes, BZ) Sanaanian Iny (alkylary! ketones, PN) Sanaiuuls

(0% (alkylbenzoates, BA) HaTHaRaMIs U (alkylparabens, PB)
@ ®)

(CHy),-H C—0 —(CH,),-H

I
H C—0 —(CH,),-H C—(CH,),-H

(c) (d)

1l]ﬁ 1.1 Tasaadravoams homologous series Usziam (a) alkylbenzenes (BZ), (b) alkylbenzoates
(BA), (c) alkylparabens (PB) uaz (d) alkyllaryl ketones (PN); Tavh # fip $umuou



12 mi3Seiingate

frmanfiondtoimneadesty MEKC war MEEKC wimsanniliviisinans
aldoumlosd k uaz N ﬁnqmﬂﬂﬁuﬁuq U A udUYDa SDS [Altria er al.: 2000, Hansen:
2003, Nhujak er al.: 2006, Seelanan et al.: 2006, Ishihama er al.: 1996, Song et al.: 1995, Harang et
al.: 2004, Muijselaar ef al.: 1994, Siren ef al.: 2003] t]ﬂl‘l-‘ll]ﬁ [Nhujak er al.: 2006, Seelanan er al.:
2006, Harang: 2004, Muijselaar er al: 1994, Huang er al.: 2003] unzﬁnzﬁﬂﬂﬁ"i'li"uunms
[Terabe et al.: 1992, Zhou et al: 1999, Nhujak et al.: 2006, Song et al.: 1995] Tavl¥msnanouii
igasInsserdanainduTy

Tumnaiin MEKC [Muijselaar er al.: 1994, Quirino er al.: 1999) ¥ MEEKC [Nhujak er
al.: 2006) nuNMs ANAMLRTUYD TSRS AR (C) (91 SDS WildAn k dud iieasn
i1 ¢ AU Taoh lumniin MEKC [Muijselaar ef al: 1994] WUIR1 &k uaz C HANWTURUE T
unss Tauiigadaun x 1Tuaawduduyes SDS 1§A CMC (critical micellar concentration)
daniluszuuYes MEEKC nuhaudiniuive i & i € (50-100 mM) Sidnvazduiundin
huduasa [Song et al.: 1995]

dmivguugiilFlunsusnarsiinadenisnldsunlasvesi K uoz & Taowa ludle
qmuqﬁrFi::i'{uﬂ11ﬂ'm'nﬂn:mu'l%ﬁfu'lmﬂmﬂﬁ"auﬁﬁ?mmﬁumﬂﬁ snfumi K uaz k 34
anna lunsdivosmniia MEEKC 8fisioatudnsfugungilumsuonasiinanomsanas
YDA k [Nhujak et al.: 2006, Seelanan et al.: 2006, Harang et al.: 2004]

Tumimguiinsising ifinonoimusuivnneivesms uded1a1sfamnsuiy
findIrhersdsnalWinm Joule beating o1 Iiiansn/aounla s musuuane 13

Tumatia MEKC uay MEEKC 18Tis00muiia & veamsiianuduiuiiy & ves
a3 laoi X . Hum1nivoanz nIERAVeImIITEHIIBBAMINBANALY (octanol-water
distribution constant or partition coefficients) [Gong et al.: 2004, Klotz et al.: 2001, Muijselaar er
al.: 1994, Gluck et al.: 1996, Jia-et al: 2003, Poole et al.: 2000 uag 2003] 1 1Yo log k o4
arsnauleld

lunsdiveamaiin MEKC 1afiswaudia log £, fanuduiusiFudunsaiu log k
uatlog k TinnudwiusiFaduasifiusiuauniveuvodans lungy bomologous  series
dszinmoafamuFu unzdanaaoian Inu [Muijselaar et al: 1994] uataliwuindsoa
AMMENTUFRINA12909873 homologous series WawngulumAiin MEEKC uonuinfinne
¥03 MEEKC #1#ifluiinnziidoninizfor wiedhuniiz pH veaivie s pH 2.0 3o 12.0
Fahition1¥1u cE wasdaLivningnoamarmduiussenem k was ¥ ludnyazvesas

ﬂti‘.u homologous series



aisoiinan 1Biimsmadmusubuanvaimsinssi&umaiia MEkC Tuams
fiii EOF 1nnuaz1d BZ wie PN dumsnasgmsrds [Muijselaar er al.: 1994] wuiid 7 714
swhinoumaspunnududuvosaseaussiisiy  udseimnAounlaudntosamunis
IﬁH{UﬂﬂiquQﬁ uaza 7 aunsoldRgamswasi il 14 wonvINENYTIM 7 uay
log K, nnwdmiuiniiuduase lumaiia MEKC diel¥msaaussiafioasyiiaiu i A7l
TWonszuil¥msaaussisfasiiafuannsa 1Feiuoanuiumsvomyilaiduves
squuTiwadn 9 msaausaisimssiiaii uaz1urnlszinmyos pseudo stationary phase Tu
MEKC 18 SsodrelsAamsutiaiios bl iseRamnilesoiinanemimusuduanvosans

umatin MEEKC

1.3 anuinaguasMnvealgm
4 - P & 4 T T
iivavinmaiin MEEKC Hlumatinfimusalfuonmansiazanitdhwouavazaw
¥ ¥ 0 >
o suafhumaiiniiazain 535 Usznda Tduaoulumsmionasdndishigaon
a8 ] L] o -
uaziumatindi l9anloolunsdinsisiaesinti FaTaoia llszneudionisifona
- [ 1 - - ¥ i o ¢ A - -
aenaWilaududuiivmnzay  upznsesiistneunsinnzviedssfunmsgaduves
¥ ]
arfinaiminiy Sohlinmsimssidmatia MEEKC TATuanuauleilusdibsluilogiu
L
il
fentalsfinm idesnnmatia MEEKC thamaiia lmi i bisasuidoduIngiidn
w a= - - - - P
wnsvadoyautznguinlflumsesuemsnlanunlasmgans sumsimuvesms amdiol
Saaulenentimguiinie HPLC taz MEKC indnuitlefoniinadonga@nssunssimuvesans
Tumntin MEEKCTaoi 1#mImusuunamed (retention factor, k) A13MUTUBUIAN (retention
& o l‘ =] -y
index, /) )52 NS A MuDINsSHOnT 13 (efficiency, M) 1n 1€ umsesuio iiesnniiamidolu
mAtin MEKC fiswauidk was 7 awnsoldildetumonganssulumisSmusosmsuas
iw 0 = - " I
annsalFiguiminnansi sy W venniniilumetia MEKC wudfinnuduwusii
L ¥
W@unsisenindlog K, ful mldannsoinnean Lifivivesans 18 udsuiaiioshiil
adsenamnileieiiinaaomi musuduwanveats lumatian MEEKC
muideiivafianuaulefisedimisAnvuFmguiie 1geTuoiifoanuiledodi q
[ an - 1 [ | [ o [T
TAun arnududuses sps gamgil nazfnd I ilnadeTmuFuudanod Smusuduan
ary -y " -4
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1) AMISOHIAIAINYBINITNIZIIWAIVDINITITHINDDNNMIUBDUAL IV 1IN
homologous series IasofuAImusuurames n3e Smusuduani 1asin MEEKC
. i | ;
4) mwsoinsimuduadameivesanslu MEEKC winaunisi 1daatuinlmily
¥
ENTRL TN
i -~ - ] - L] i .:1
55 manmaadveasoi W Flunsigninswmsdedichiumsimauls
& i - & b [ ' "
wiohi Taofisufua s musunrames lussuuaiag voes MEEKC nazilunuamialunmism
ERmNg auved MEEKC dmsunonmsnauleld
. _...' .' - T a e "
6) waanAvuiivailuiugmvotittvesnguitovess e 1§lunsetuwravesin

a adlda ' - A - v A '
ﬂ-iﬁ#ﬂ'mﬂu“3ﬂﬂuﬂﬂﬂﬂ‘“q‘ﬁﬂ'§5Hﬁ1ﬂﬂﬂ€luﬂ“ﬂ$ﬂ15 llﬂﬂﬁlﬂqn111uﬂq1|ﬂur| ﬂl‘]‘1'|]
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unn2
nqufvesnsiaarsoaninsneiva
axfiaaiioian InsWe3Fe (Capillary Electrophoresis, CE) Fumaiinfitinsuonas
moldinEnavesmou i lunasansfianiiiussgmsazawdidnIns Tad ndnmsuonas

- L] ‘ '- " e J
pIFEANUUANA1IYB IR0 TN 1EManuTin 1 1) (electrophoretic mobility, p) %4

-lrlhrv ] ¥ L]
ﬂunﬂHﬁE1ﬂﬁuile]#ﬂi#iﬂﬂﬂU\ﬂﬂﬂﬂiﬂﬂﬂﬂ

2.1 dnilsznouvesinsos CE

High Voliage
Power supply
{ﬁ}
i AR
Capillary
Electrode Detector Electrode
BGE Vial BGE Vial
Sample Vial

i ® L] » J b
Ui 2.0 dnnlsznousiisioveinios CE: Aaudaann [Weinberger 2000]

1) Aziiaals (capillary) g2 luileqiuily fused sitica capillary WA
gudnaiy 10 @13 200 pm waze 20 {1 100 cm MousnVBIATRAaINADUAINBAID luA
(polyamide)  iModlosiunisuaminuesnzfina’d  uavaonwodio ludeenimmizasawion
asvialunsdinlfiniosnsndarlszianuas $u UV-Visible

2) sazawdidninglod (background electrolyte, BGE) davIngjsziiiutivios &4

¥ ¥
usseg v vial Nidaoiaresdhavesnsfinaiiquey



3. injoniniiadnd i (voltage supply) minatuiiadndtihinszuaasailianuan
find 30 81 +30 kv nuenasanngfiion¥nnwmafindasii e ifns T udwn Tao
EnunnamsreTandodnnlare (outley Husro @nna) uasduiiiams (nley dusann
weTua) Gnyaiziiunt nomal polarity wieaduta idnnlmoidusn @nétihidua)
[Tun71 reversed polarity

4. 5219 (electrode) v Tgjiilu Tanzimaiiy

5. (% 14R3I9IA (detector) 'h-.lnu"ﬁ'uﬁ'ﬁm?'na\vqﬂr‘fmﬁu UV-Visible

6. STUUMSVSIRNIAIBON (sample injection) T 2 35 Ain M3 1IN (electrokinetic
injection) A3 19AIIWAN (pressure injection) 3 landieiise Waomdutumsussgas
Wlaosan) mdy WBuba i tassuniominsanmiudaluia) $ihlumsusivisgms

o & 'l \ A = -
srotaiuszusiait Gnjection time, ) Woussysazmod I luaziinaid

2.2 anuannsolumamnaouimaliih electrophoretic mobility, p)
arma o lunsadouimia I (electrophoretic mobility #38 mobility, p) #1170
b o - - " .
mnadiy mv's" fiemdmand lumsmtouiini Iidweas (electrophoretic velocity, vep)
moldnunduvetaun i (Clectric field strength, £) 1 V m” unazfinnudimiusivdnls

A1 Faunsh 2.1 [Kuhir 1993]

e @.1)
E  6my,

z fio Anlszquasans

oAb A Syale iBiRnA TN (1.6 % 10" gabind)

N ABANUHUAYEIAIDEA

ry 710 58119 Tas Tanniinvea Toe s (hydrodysaniic radius of ion) Fuiluinfivoa

'lﬁﬂauf:lﬁimaqmmﬁ'*uﬁum auvaiz i 1ooownaouh i v

figunii 25°C narmsazawsidning lasidoarnnng wiafnnwusalosoiin Gonic
swength, £, 1120 mol kg %78 mol I') vosmsazarwdidnns ladfiaIndgud Gonanuaunia
Wunsnasuimaiihiin - avmwaanselumsndeuiidingel  (absolute  electrophoretic

- i A
maobility, p°) Fautlufunmzye s u 1



Hesuiiinadon u 1un

1) awusalesniin Gonic swength) Tauiloruaiuusalessiinues BGE i
effective charge (z) aAAd LAzl n, wutu (Tag r, veunasmvoalesouvssasioauay
niined looou (counter ion) ﬁ'nfurh p DA

2) mumilauazqaimgil vinaumsit 2.1 #1 p szndsenfufunimmila dnfudeiy
amumiiavea BGE ssihial p veamisanns daunsmugamgiivei Idaimwilaves BGE
aRAnd ﬁqumﬂaqmnqﬁ:ﬁm‘fnﬁ w ST

3) pH Y84 BGE dmiumisaiestaniunsaseunsoasen M pH voe BGE sxiina
ADANTNTUANAIVEIENS (the degree of dissociation, a) 1Asf1 p vxusAUA M o

4) FaLaeBun3 s (organic solvent) Tnom Widouimazawdumisimusuezih
Wi p anas udadia@isiiosnobunsdmuaudasfinumidem p suiutu g

D 24 siedi p lifudunnavesnsnat (@) uazmmadudndnih &

W T a ™ [ e J A -
ualumaU§iiA pasii 4 nag £ s iiudu 1ieannHavean 15y Joule Heating

2.3 B1anTnseealuda (electroosmosis)
iodniluvosngiaaslsznoudaomidaon (-Si-oH) dodudadumsarawdidn
sl L3 "- B2l J o b e i
nslaanToridododin pH = 2 ssifanisTepeTuddu Ml luvesnsfiaariilszgay

(-8i-0) RATTUMS3
-Si-OH + OH ——» -5i-0 + HED
Si-OH +H O —— -§i-0" + H30+

ms'leeluddanainiine H'  nssvweglumsazawnioswiy oH  iiadiu
Tumqmﬂaf;"n unnloopumnmisazaivdianing lod lunzfinid seiindly double electric layer
udsgulit 22 Taoifinauanlesoulumsazaonnndwewulesouinounn uanloosy
yudisrAnogifvesnsiaa? fady sem layer Fav: LimdAoudiiiowindninavoalrih
DA (electrostatic force) HAZMTO UTAIUIADINAF (Van der Waals force) an Tovauniadu
snivowegluarsazaiw (oni diffusion layer iaz 1ooeuuInTindnezeglu bulk solution 1o
Windvihidawtrestivesnziiondt (aodmodnandesnsniadusunInandodran)
Toooruanlumsazats Faiisnamnnnilossvavszindoui léssraudas wisewnan

i . A o - A - . & o
1.’5‘]'Ilﬂﬂﬂ'l‘!tﬂflﬂuﬂ!iﬂiﬁ'ﬁﬂﬁﬁm uum]1mgﬂliﬁﬂaqn15tﬂﬁnuﬁﬂaqu1ﬂmﬂﬁazmum‘l
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sidnInsooaTuda(electroosmosis) azilunmsndsufivonimIodiaza10 electroosmatic
flow (EOF)

EOF ﬁ"mﬁaﬁﬁwﬂaﬂzﬁam‘iuamﬁuifuﬁﬁ"quqﬁ'ﬂitu:}hﬁiﬂﬁ“ﬁﬂzﬁnﬂﬁﬂs:mm
15 nm [Landers: 1997) Tavazfiaain1dia T u CE Tdurmguinaia 50 9 100 um (50,000
1 100,000 nm) Fniue9NE12 1491 EOF pivifumasafuiinhdavesnsiaaid msTnavesns
T CE Safhuuuunun (fat flow profite) AagUft 2.3 AinvesasTu CE Sauauniatu HeLC

anwisrveadan nseea daluanuduauw v 1 v m' Sond anwawnsaiy
mstadeunvesdian insean luFmidetusansvesbianTnsoea luda (electroosmotic

. § . - - =
mobility #39 electroosmotic coefficient, pu_) WARIAINUMITN 2.2

¥,

E

(2.2)

Mo =

g1

Vool N e R

EOF

SAS,

U 2.2 Electroosmotic flow (EOF) : Aatitladuin [Landers: 1997)

s i f‘\@
LRV A, N/ A NS NS
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EOF in CE CE peak

Flat flow profile ideal real
UM 2.3 dAnvaens navesmsuazguitaveaninlu CE : Amndason [Li: 1992]

{lotvniinaseni EOF 1Aun
A [ » o " .

1) pH ve3 BGE tiinison pH 484 BGE s limis lees Tusveamigamen vinm
fnznanianay dravi s EOF aaas

2) anusdlonetinues BGE dufiuniniuselesniinezyilia EOF aans uadunu

o ] 2 ak A
Auus e Teootinuang e lif EOF tiudiu 1110991nHav0 Joule heating
Ju - A ¥ - o oW - - o = -
wenenidaitlodudug 11 A wmila gungl Anhasa1sBunid yumesInsoas

wazaudueosmnuIvih Alinados EOF wu@uafudius p

2.4 Wszianveanniin CE
matin CE winenlfiihi 6 Uszim awna Tnveamsuonans
1) Capillary Zone Electrophoresis (CZE})
2) Micellar Electrokinetic Chromatography (MEKC) Uiz Microemulsion Electrokinetic
Chromatography (MEEK.C)
3) Capillary Electrochromatography (CEC)
4) Capillary Gel Electrophoresis (CGE)
5) Capillary Isoelectric Focusing (CIEF)
6) Capillary Isotachophoresis (CITP)

misuivvRuoafumaiia MEEKC dlumaiinfiindnmsmilousumaiin MEKC
Taomatin MEKC s:Bmsmuasanussiid (surfactant) 231y BGE e 1¥asaans sdsia
sdaiuiulnsad (micelle) nazimniaiiihu pseudo stationary phase HInA10AY stationary
phase T HPLC nad luvadindowil4

dmiumatia MEEKC Ty BGE ﬂi:ﬂauﬁ"mumﬁ'ﬁu, M15AALSIAIAINAS AT ARG

A9I59  (co-surfactant) lAu@IsAAUTIAFINAEEITaANSAIAIT s T Reusauvoainiy
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FaqUit 2.9) dnwmeiiGoni W Tnsiiadu (microemuision) ¥siimnahon Tunmsuasin
nizewoyhuivirles 14 lumaiin MEEKC Hu'ﬂ1.':1ﬁuﬁﬂnnmuﬁmmmﬁmﬁaﬁ‘:i‘iﬁﬂsmq
(charged oil phase) i psendo stationary phase 19uRe I Tnsadveamatia MEKC
m-i*inﬂﬁwmumﬂﬁuﬁﬁﬂs:q‘lumﬂﬁﬂ MEEKC  szlinnunafivesimiosnd luadly
matin MEKC mlfmsiazani dtosaunsodh eglutaveamesiviu 18ion ity
wanueamalin MEKC dmiumsuonarsdiomaiin MEEKC syl¥wanvosdidninsvess
asmiuiasinInnid Tmﬁinn'lﬁmﬂwn%rumjﬁummunmhwm B YBITFUAENINA
partitioning 'ua4ifwsxﬁ‘imuﬂﬂ-‘uaqnmﬁ'ﬁuﬂﬁﬂs:q nazmIomrla (aqueous phase) dai
mafin  MEEKC Samnsdmiulfuonasnazani 1dtoosusiasiozani1da  waid

Yizquaz hiillszy

Waren Water

n-ochane

0 L =
1 2.4 ominiuiiiosasursfaiuagasaans i@ unndewseu: samlaanin

[Altria: 2000]
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2.5 Msindaunve s lumatian MEEKC fnnziilunsa

Mictoemmuluen Velocry e—

M. = P, o
-2 B & - +ve
e - =
- P - =
Q od droplet M SDS torfactaat

U 2.5 dnvurMananuRveIas lumatin Miccoemulsion electrokinetic chromatography Tag

iidesnnefilunsa : aputasein [Aliia: 2000]

A - = L e W = [ y
diofufdn luvesnsiaaidudaduiides pH 2.5 sufamsuandavesmyda
a o l-' L] : - a P : v -
weaviooun SeRadifinnzdisehill EOF Aniulaliuaniindeunveanominiuidousoude
T ‘.‘A 1 "‘ L - i L3
msaaussdsinnlsegiiuauminiy  deinslidndh Taolidadwimiosnsieaiy
o e & - - [ A o -
Twan  elaveminiugsiivszqauszmasui Wisdmlawveaniesminnia Aygn 25
a - L 4w L o
dwiunsandlumsuonatsi lifidsey nalnmsuunasyuegiyu paritioning ¥ 133EMIN
Y e - - 4 1
avoainiugaiidszquazienioanda — Tasasnazani 1diosezvoudi ey avoa
: v o - ] - A - { - 5 ) -
vinuddidszgmnnhluemdsada hildndeun ldwiouq AurdanominiudgadidszyTda
F o - l’ P . - 1
AunieansIvIanoumsnara1win 1dun ¥19z paritioning 00n0Y lwowIvamnnni
T Y y 4 d ; K :
Aniunnnztimsnazanilddeszmasunsemnneuminazaini ldnn
j-‘ L 0 y J . i - ol L]
Wamdetandsundmissandastuaama (adwiulasninunsy) Gond
o o = o & s o e =l
AianInsW 151051 (electropherogram) nazizuziamMazannsnmasunnInatonzNaaiam
A & i r | 4 3 -
ussyasutanieaasavia Sondr Tuins 91 lmi (migration time, 1) Tunsdiidiu MEKC uax
al L. - oy d L]
MEEKC o1i5omiluimusulng (retention time, ) lumalfiadionsnr ¢, voams
AMNIOATUIUAT electrophoretic mobility ¥94 oil phase (11, 9INHNYBY microemulsion marker

Az observed electrophoretic mobility (11, ) ¥84TTAITUNTS



14

- @3)

v IL -9,
E ¥V

pm*—‘?“:;—'}- waz  pg, =
foe 79 Tunssulmi (migration time) M30TmusuIml (retention time) Wo3
microemulsion marker
/- fe anueneimlaasfiaaiiéuiussgmsouiaunioansaeia (m)
L Ao amuovanuevesnsiiaats (m)
v fie dng i (v)

¥
dmiumnaiin MEEKC fina1nn15ifiA partitioning 4835100193 sn Nadamominiu
filllsequazienivee osvio 1R aaunis 2.4

Coe (2.4)

Cﬂ {--—-}C“ K= E—*
5
¥
= s & ala
Crme 70 AL UYOITAB0 1 LI ominiuTi) 52y
Caq Ao ANULIN VDT IA 90 o doa o

K A0 A1naneeIn13ns= 010 (distribution constant) ¥03815 Iuanua

Amiuimusuirnmes wse k 1w MEEKC wunofa sasiamudwou Tuaveamslu

& o [ = - . - w 1
i erMuAi NN LY (ime ADS U TAVEIE S TBInToae (1) AdarunIsh 2.5

Ve (2.5)

Ve 710 USunasyoanominiuninsey
Vig M0 {5 uasvasiomniuend
* i
¢ fin BrsrdvlTmsvoadaneminiuiilszyaodsuasveaemnisma

-l - [ - | o [
Tunsafmsarenaiumsn Wiliszquazmsaaussasiodszgay wldi p ves
¥ " L4 ¥
complex sevadanomiviunidsequazmsaloniamiiu p vourdansainiunivizyp )

@911 observed electrophoretic mobility (J1) ¥94T13AI00713 A AIAUNTT



”' =xquﬁ+xﬂpm

Xaq A8 irud i lunvesmsAlen e lueindome

» ¥
Xme N0 A 1E MU Tuavosmsdnt lumlmominiuniivszy

J L} L 'u.
wazlunsdinens lufilszy 3 p, = 0 Aaiu

n
B =X B, s,
e n, 0,

1INAUNITA 2.5 liaz 2.7 v¢ 18 dmsunmed Wil EoF

Lok
1+k Fae
=
o —
&ohu i dE Ot oA

2.6 Yiz@ninmveamsugnans

15

(2.6)

(2.7)

(2.8)

(2.9)

(2.10)

(2.11)

dmiumniin CE ANlse@NBnMYBInIsHone s (efficiency M38 theoretical plates, N)

A lden

' -
o w Wunnunhwesgfinuesens

(2.12)
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N fiowiifiugasidouvesnnueneensinanitunieansaeda () de arwgaves
INQAFINQUE (total theoretical plates height, H) #ﬂﬁﬁamHmmﬂﬂqmmqwaqmnmimquﬁ
fidamanszawinniletoudassiia dnvuzdvdiulumniin MEKC famums

H=H+H, +H, +H +H, (2.13)

H, o #1 H Mifn9in longitudinal diffusion

e e A1 H ‘ﬂlﬁﬁﬂn sarption-desorption kinetics in micellar solubilisation
Hyg Ao A H 'ﬂlﬁm'lﬂ ntermicellar mass transfer in the aqueous phase

H, foa i ‘ﬁlﬁﬁﬂﬂ thermal dispersion

Hpg 01 H Hifaen polydispersity of micelles

Tumniin MEKC i Ha. seiiiniaonsuBidosiiiladauasd mivarsiimsnsza
okl ligadWhon  doui A slAwndudemsiodu tminntuias
Hnlsrdnimauninizaioge m Hauod Hg  seiimanouiionnududuvesmisoausaitain
Funtu uog B, iuAutiin N Joule heating didy Taomamuniunduduyos BGE,
quugiinaring I dmiumaiia MEEKC ezetineldludnuuz@uifuiumaiin MEKC

- : - e i : = o J
duiutnnugaveawaaimouiitaianios sz dnsnmmausnvesmsnezuiniy

2.7 Smuvuduan

AVIMUTUBLIAN (retention index, 1) umit 1¥e3vongAnisulumsTmuvesans Tau
m 1idfudavidnnn 1dnnanudiniuiseninm adjusted retention time ¥39 retention time
(avdnaiiongaaenidig veswnsnisuiouiuaii ldnnmnnasguressiianindoui

¥
3 [ o o . = . o
BENUINBUUASH I 1T UM B3R TUIN 1ﬁ‘ﬂ~1ﬁuﬂ'ﬁ [Mu ijselaar ef al.: 1994]

logk s —logk,

I =100z 4100
logk, .| —logk,

(2.14)

-i =) i : ﬂ.d a oo
10 &k, Uz k) A0 A1k V04 homologous series NUTUATUOU z LIA2 z+] MWARD
HazA1 ka 1iuA k voammaToy

-
Hio
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—

(2.15)

lﬂ_'n ]_mg{ . ]
t_, =t R
1=100z +100 e
log| —=— v-log[ LS
Itfl —fm: '\I: _fmr

4 [} - . J A u . e
YIAUNTIVOL Martin A1 / ¥ homologous series UANWLVUAUMIIALIUIUYDIMUIINDY

HOLATIAUNUTTENIN log &k Uuaz z BanwduwusiFadunsa@aaunis [Muijselaar et al.: 1994)
logk=az+b (2.16)

1o a uaz b Wusm wFuuazaAauny y A@Ry Aniuvinaumsi 2.14 uaz 2.16 9
annsofmaudt 7 1R [Muijselaar er al.; 1994]

1 - 100(ogk - b)

(2.17)
)
2.8 AINANVBINITNISO LA VI 15 ILHNBBNMIHBANAZ Y
f‘hﬂ\"ﬁ YBIN1I ﬁ?ﬁﬂ’lll'ﬁ'ﬁﬂiﬂ'lﬂ#ﬂ ’i'lﬂﬂﬂﬂﬂ 1uﬂmm=1.'| 1UBDITT (octanol-water

distribution constant, &) lumAiia MEKC uoy MEEKC finwduwuiiFuduasanua log &
M30 ] YDAMT AIEUNIG [Gong er al.: 2004, Klotz er al: 2001, Muijselaar er al.: 1994 uag 1997,
Ishihama er al.: 1995]

log K, =cloghk+d (2.18)

logK,, =el+f (2.19)
A [ - - - - - [ [ : ] - A -
10 ¢ (1 e ABAWTY By d 1/ ADYARAUNU y AWAIAD ANTUAMIIUAT ¢ M d NTB e HU S/
INauMsH 2.18 u3e 2.19 awdan Tacldmanas pudadaingsun log K, nazmin & uaz

- i J J " b -
1 9990159 I0MINAana sxmhingwa log K, voamshaulel® Taviidr ¢ fu d wio e fu s

) - J LN -.
zuanaaiu lduegiuniizves MEEKC il
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MIinaand

3.1 304il0
1) 1n panefnai3eian Inses St ¥oeu3in Beckman 14 MDQ
2) 1n3047ARIO% (pH meter) Y01 Metrohm {1 744
3) 1304 sogication Y04 ultrasonic steri-cleaner

IR
4) InT0IHaR U Milli Q

3.2 msndinazg/nsnl
1) Sanaiudiu (82) 18un benzene (BZ6), methylbenzene (BZ7), ethylbenzene (BZ8)
o propylbenzene (BZ9) ¥0IUTEM Fluka
2) dnAnaeian Inu (PN) 1Aun acetophenone (PN8), propiophenone (PN9),
butyrophenone (PN10) iUt valerophenone (PN11) ¥BU3¥N Fluka
3) dadAniwu Twen (BA) 14un methylbenzoate (BAS), ethylbenzoate (BA9),
propylbenzoate (BA10) 1182 butylbenzoate (BA11) ¥84U58N Sigma-Aldrich
4) Safian 13w (PB) 1AM methylparaben (PBS), ethylparben (PB9), propylparaben
(PB10) uaz butylparaben (PB11) Y0413 Sigma-Aldrich
5) TaianFatwudu (DB) 4049131 Sigma-Aldrich
6) n-00 NN Y YO IUTIN Fluka
7) TAon TaAngasaida (SDS) ¥oaU3 M Sigma
8) 1-119M11DH VBTV Fluka
9) nsavpandIn (H,PO,) YBIUTUN Merck
10) TRen laasonlod (NaOH) vo1uTim Fluka
11) 1IBNIUOD YOIUTUN Merck
12) 45 pm membrane filter
13) 41 Milli Q



19

33 madinsisvidamntes CE
3.3.1 MIzvea CE dmiuminane
nazves CE AR ans o demehlil A Aunsdififuandialvinie 2y

1nies CE : Beckman M MDQ

Aznanls : uncoated fused silica capillary 50 pm id. * 40.2 em (30 cm Eam?'mm‘:ﬁﬂ}

MIVSIYMS  : BARIINAM 0.5 psi Alunan 3 T

M3As299  : photodiode array 974 190-600 am LazATI9IAN 214 nm

Capillary rinse : fisunsnansaudns iy Mameoluaziaaridroeniuea, 0.1 M TwRowy
Tonsonlwdunsiiiodisas 5 i waz W lnsdiasutiived 15 1 nosdow
A RS eiaatassdiedaniomuen, 0.1 M Tuidoulsasonladuaziies
ar 2w wazlulasdindu 3 wii

guMQlivesnzHans - : 25°C

find lvivh :-15kV

BGE . 50 mM Hoaidatdiiedd pH 2.5 Mlsznoudau SDS, 1-Hmuoa uaz

n-0ONINY

3.3.2 munioslulnsdiaduivivies

- 500 mM Horlatides® pi 2.5 Taunatitansadomes s fimmnzan 1d
asludinimnesianinszana 90 ml Yiuasazearwnsaliil pH 2.5 §20 1.0 NaOH vImiucwas
Tuvadal5inasving 100 ml udsurSmasihu 100 mi &ai Milli Q

-3 ouluTnsorasiniies Tautlula 500 mM SDS e 500 mM HeamariMesi
pH 2.5 USinasimnseuasluvindmlSinasauia 10 ml nntiuTila 1-5ammea wag #-oon
mysasinungarasuandatinasvam @ unlinasaanii Miti Q Wi miu
1111 sonicate Y521t 30 1 1@ ansedluTnsdiasuti o fH11 045 um membrane filter

ABUNITHATISHAIUNATIA MEEKC

3.3.3 MIAUNTINATOY

wioumsmaseuiiuyalaoudaryailuasnauvoats  homologous series (AYINY
57uNU DB TauaSonasmaaauiRas homologous series 1a% DB A Widudu 0.2 mM Tavilnla
19 INAINAABUNAL microemulsion marker (DB) ANty 10 mM Tuomusa udiy
Vinasdaelylasdiasuisznoudio 180 mM SDS, 890 mM I-muen uas 1.1% viv
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am ra L [N - ¥ ¥
n-aonmui lilieadaivides udanimiuvi T nsesru 0.45 um membrane filter AOUN3
AR AIumaiin MEEKC

3.4 Mmasnlisanmideduiisasdesmusuirnmes  Smusudwanuazdszintam

VBINMSUBNAIINGM homologous series ¥93 MEEKC

3.4.1 ATMTBIVeAR1 & 102 1

wiowTu TasBiiasuiiosinon 5 4@ fisznoudan 50 mM Weamatiiesd pr
2.5, 180 mM SDS, 890 mM 1-11M1uon Uaz 1.0 % viv n-oenmu ud) 4y BGE dmiu
Sinnziosao CETnol¥nnzduves CE hnfade 33.1 Tav BGE udazgaiimsiingis

» L
&0 MEEKC 91 2 A34 mamsnaaoail 18eaide 4.1

3.4.2 HOVe IR MIYNYUYR S SDS

w3ouTuTnsdlnsnininedilsznoudan 5o mM voaates# pH 2.5, 890 mM
1M 00, 1.0 % viv ooy Az SDS AmdEduAwA 100 81 200 mM &2 i BGE
dmiuinsninsdan ce Taoldnneduyes CE lwiade 3.3.1 namsmaneai 18dndo 4.2

3.4.3 HOVBIQAUNA]

wivnluTnsdiatutiidesilsznoudas 50 mM Wommaiies A pH 2.5, 180 mM
SDS, 890 mM 1-19mm0a wae 1.0 % viv a-oonmu Wiilu BGE dwiulinsieasdae CE
Taoldmzduves CE hoade 3.3.1 usl¥quimaiidand 15 8 40 °C vammaasah lAdnTIve

43

3.4.4 HoveadndIvlvh

Wiyl Tnsdiaduiilesmlsznoudan 50 mM Womatiies s pH 2.5, 180 mM
SDS, 890 mM 1-119mmea, uaz 1.0 % viv n-eonmyu 1411l BGE dwmivimiisdmsdan CE
Taol¥nzdues CE Turiade 3.3 ualddndInihdaud -15 B4 20 kv samInaanei 18R

Hate 4.4
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3.5 MIMMAITININILNIBUBIANITTHINBOAMUBANAZI

w3ouly Tasdiasuniiesmlszneudas 50 mM Woamiadvlod i pH 2.5, 890 mM
1509, 1.0% viv n-oonmy uag SDS Amdududand 100 @ 200 mM ud 191y BGE
dmsviiaseimadao CE Tavldnzduves CE niade 3.3.1 namswaanai 187 aT2¥0 4.5

3.6 MINNNEATEMUTMIHAING 3 Y91 homologous series
Wiy luTasovatwiidesniszaeudis 50 mM Momdativiesh pH 2.5, 890 mM

1-MIM0a, 1.0% viv A-00NMY LaE SDS AMuudy 130 uaz 190 mM ud)1div BGE

L] - T ‘ L -. - -
damivimieionsdte oF Tasl¥n1neduun: ©E Tiniade 3.3.1 manismaaon 18aniate 4.6



unn 4

H mmnnaumﬁmmﬁn aninaael

41 AMIREIveIm k uas 1

18N MAa0IMIANLINLIYEY k lag 1 ¥Ba bomologous series 11 MEEKC Tau1dly
Taserasuilidesilsznoudans 5o mm Hoammie pH 2.5, 1.0 % v/v n-BOAMU (MOA
1), 180 mM SDS (@15ann3sAai) waz 890 mM 1-5muea (1sanusaRaing ) Tnoiias
NABBANBIIAIIMNOIVBT £ 1D £ B4 homologous series ¥0aM 3 AATIEH M3 mMo T iuido i
(intraday precision) UagA13 UMM (interday precision) utiiooniiu 4 Rt

wuui 1 misuidsivesnsins eimrmolhiudodu TaoldiidesyaiRoany
wazimsdirszimsaadeyd s ase (n = 5)

upud 2) wanuissssinsnsensneluiudniy Taoldiidesmayady
U 5 §A lm:“i’;n#‘!ﬁﬁiﬂﬁ:‘&lﬂﬁ131;“111‘1?:“&1!‘51 2051 (n=10)

UuYR 3) wanuissesmsissimsaiuiui 5 Su Taoldiiesya
@i uazusar hmsinsimmanoud 2 a4 (n = 10)

aui-4) manuisaems iRz msie i au 5 u Taoldiiesdiga
fu (SoutiiiedSuae 149 masRaz RN AIRTIEY 13 MATOU 2 A3 (n = 10)

ﬁ'wduﬁlﬁﬂTmmmﬂmuﬂnﬂuzﬂﬂ 4.1 TaoR Iadndanidu (dodecylbenzene, DB)
(ilu microemulsion marker 1dﬂﬂlﬂ DB Iﬁum'iﬂ'lﬁﬁf'mmaa partitioning W ludanoa
sy RanesandoiinSoummominnils. wensinii tunsmaced1818ile s
pH 2.5 4411::111wmﬁﬂtrlﬂﬁtflumm’fmmnnn”wﬂmQ%nmﬂni’iﬁiﬁ:ﬁnnﬁmﬁnfuﬁnu
b, EOF. finasuiounidoifioydum 1 vosors dnfusasald&ninoeihit eor
AR lumisnaanat RN TASIEN IS AR ATHYBY homologous- series 1HBHANALY
flgpvesnmsFounuiusesiinsiim & IndiRosiudoiifonlumssaysiavesmsua
M luns

A1k Ay 7 veamsuIasgIu (BZ) uassmaaoy (PN, BA uaz PB) 1Inn1inaaeam 14
vindidnInsHTsunsunazdnon lavldaumsi 2.0 dmsum k wazaumsii 217 dmdy
e 7 Taoii 14 BZ dumsnasgmdabadmiunmsmm [ Faansmanei Tuaadens
i 4.1 diesinizenm & ves BZ #dillumsiasg i wuhimnnusy (o) aziigadauny y ()

40913 logk = az + b @m3v homologous series ¥83 BZ i 1aiMiMasyaiRoafunazdraga
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fiu AamseimsneliuRetuasmsduidin bitadahnnminuasdie1¥ms
Uszdiunaneadd wuhi o uaz & AIRLIGAwLANemsiTed Ay sy Auaudes
95% (M1511 W1 B3 wd Tumneuan n) uaasldfiiundanuiiosgevosi £ vea Bz Al4idums
nAsg wenwnfiienToudoussniam I ves BZ #1AnnmsAnng mnmsiingiei
arsmeluiu@niunazasiuiu wielavldideiyaReiiuuazdagai) uazi1 nominal
values YO3f1 / ¥03 BZ (1171 600, 700, $00 uae 900 113U BZ6, BZ7, BZS uaz BZ9 mwiidu)
Taol¥nsdszidiunanaada nudiwh 7 wes BZ #l8nnnsfnnunazm nominal values il
mmunnﬁ'nmhaﬂﬁuﬁﬁmﬁs:ﬁ'vmmﬁmﬁu 95% (M3 w5 @3 we TumAwuan n) 3
Fhivtudamnnniugavesr & vo BZ Mlsiumsnasyiu dleRnsanm  uaz 7 veams
NAABY (PN, BA (108 PB) WUTIMA IMDONUMAUNUT (relative standard deviation, RSD) Y831
kuaz 1 yeamsnageunans iididedgafoifuuasaayedunasimsinaedmniolu
SuRorfuiimatsnuioadntioo Tuvausi RSD ¥04 & taz 7 vormsnagoueinms1imes
yRnfasmgate nashinsimseiasae iy SaunaniulionSoufoudums
SnswnoluTu@ondt msh RSD 194 & nas J veagismanounnmsdinsieiarsaaiuiy
fisunn ewidlennginauTAmRTveIRIIIA: Raa T luidas Tunandreiu Trav W EOF
oz & fnnoeldw@onld [Noujak eral: 2006) usedalsfauniiel¥nisysuidiunama
ati nuhm k uar T vesmmnagaunnmsinnsiasmohiufniunazmeiuiu wio
e s yadoatunasimegadu Liinmuanasetaihishdgisyavanudoi 95%
(15 WO B3 WIG THEARIAN ) MoRTINIMIReaI K uaz 7 TuandSuidutiums
Sins1e1idn MEEKC Tunnazithill EOF seiinmmivsaglushuinaiy Tuvasiawiioiidm
wfinsiAseiaas MEEKC Tunmisiil EOF 1 sedimnmiivafiainds (Ishinama er al.:
1995) WatiowdisavinluandisiilFoaamudhmoaiiiu. dameiieiidnnnldedmy

: - " i . ar ¥
dunombiug e semo1dhondmoas lulaseiasui 1damatosiosni



(a)

V B 7
MPNII PNIO PN9

B

\ﬂl BAID
aav Bag

,,_Jvuu J

3 .|. 5
Migration time {min)

-

T T
]

3V 4.1 8180 TnsA15un35uN03 Bomologous series (a) BZ, (b) PN, (c) BA 0 () PB Tu MEEKC
amrihia EOF: Tulnsdiaduiivieilsznoudan 50 mM veaiatiiviodd pH 2.5, 180
mM SDS, 1.0 %vlv n-9OAMUIAY 890 mM 1-01IM1180, UAXA1IZOUY YB3 CE Ao AxfiaaTs
VMR 50 pm i.d. x 40.2 cm (30 em BATeIRTI9TA), Quugivesnednd 25 °c, fAndInfh -15
KV, U33§EIR20MIeARINAL 0.5 psi wa 3 s ATI9IARAIMENIAAY 214 nm; M =

micreemulsion marker (DB)



A13137 4.1 Intraday UAZ interday precision YDA & LA / Y01 homologous series 18- MEEKC Ta14 130 mM SDS une mastug dagfl 4

% RSD unzfunfoues k % RSD unzAuifoves s
Aty iy AIBten 1y AIBHIIYRIAD I AIBtHA R YA

intraday” interday” intraday” interday” intraday” interday” intraday” interday”
AWM
BZ6 0.5 (6.05) 2.0(5.84) 0.8 (6.04) 146 (6.02) 0.1 (600) 0.1 (599) 0.1 (601) 0.3 (599)
BZ7 0.5 (15.66) 1.3 (15.59) 1.5(1532) 3.4 (15.91) L 702) 0.2 (703) 0.2 (701) 0.2 (703)
BZS 0.9 (38.42) 1.6 (38.04) 1.7 (37.20) 3.B(38.78) 0.1 (T98) 0.2 (T98) 0.1 (797) 0.2 (798)
BZ9  0.8(100.08)  0.9(99.05) 1.0 (99.07) 1.0 (99.90) 0.1 (801) 0.1 (900) 0.1 (902) 0.2 (900)
ANINATOY
PINE 0.2 (3.35) 1.6 (3.30) 1.5 (3.36) 2.4 (3.37) 0.1(336) 0.3 (538) 0.3 (537) 0.8 (536)
PN9 0.8(7.18) 1.9(7.19) 1.1(7.18) 1.3 (7.44) 0.2(618) 0.5 (621) 0.2 (619) 0.6 (617)
PMIO 0.9 (15.31) 24 (15.58) 1.3 (1542) b1 (15.29) 0.2 (699) 0.4 T03) 0.2 (702) 0.4 (699)
PNI1 0.7 (34.79) 1.4 (34.84) 1.3 (34.87) 0.8 {34.54) 0.1 (78T} 0.2 {789) 0.2 (790) 0.3 (786)
BAS 0.3 (7.97) 2.9 (7.82) 0.7(7.93) 2.0 (7.83) 0.1 (629) 0.6 (630) 0.1 (630) 0.7 (627)
BA9 0.2 (17.93) 2.0(17.61) 1.0(17.31) 1.7(17.48) 0.1 (716) 03 (T16) 0.1(714) 0.5 (713)
BAIO 0.8 (40.58) 1.5 {40.68) 1.3 (39.99) 1.8 (40.26) 0.1 (804) 0.3 (805) 0.2 (304) 0.4 (303)
BAIl 0.3 (88.55) 0.5 (88.61) 0.8 (88.93) 0.7 (89.06) 0.1 (888) 0.1 (888) 0.2 (890) 0.2 (888)
PB8 0.5(3.97) 1.5(3.90) 1.4 (3.94) 2.2 (3.93) 0.1 (554) 0.4 (556) 0.3 (555) 0.8 (553)
PB% 0.65(8.85) 2.7(8.67) 1.4(8.86) 2.3(8:73) 0. 1{640) 0.5(641) 0.2(642) 0.7(639)
PB10O 0.5(21.46) 2.3(21.70) 1.5 (21.68) 1.5¢21.53) 0.1{736) 0.4(738) 0.2(738) 0.4(735)
PBI11 0.4(51.42) 1.7(52.08) 0.8 (51.31) 0.7 (51.45) 0.1{829) 0.3(832) 0.1(831) 0.4(829)

Aundvsg Iy, homologous series ¥oIdaRAMILEY (BZ6, BZ1, BZ8 uns BZS) 14iumsnasgiudndsdmiunsmni g, ‘diwinmsdins e s ada
(= $). "fenms3ns ey s FuuasTuas 2 As1in = 10) uaz FIRINMSIATIEN 5 YauaTgAaL 2 AT (= 10), ransdsediunnaiauanslunise w fa

H16
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4.2 HAVDIN VIV HYDA SDS

ThinsfinuHaveannududuvos SDS ((SDST) Aaudt 100 @3 200 mM Ao & 7
unz N ¥03 homologous series 14 MEEKC Tunnzidha EOF Tasldiiodisenoudan
anundudiuvos SDS dad 100 §3 200 mM Wl TasBiiasutiiesuas eadUssnoudy 4
uazmzued CE Azt 4.1 Tavfimunduduves sps @i 100 mM sxWBAnnhauas
s lumsSai lunsduiatiiiosninlu Tassiasuit 14 hindos [Nhujak ef al.: 2006]

anguii 420 Wanudimiuindlnduns sszwinm & uox (sps) Taviiar # > 0.99
unud w3y BZS, BZ9, BAIL Az PBS M 14 ~ 0.98 #41u MEKC [Muijselaar er al.: 1994)
1 & S udunsedy [SDS] Asfms & = K¢ = KF([SDS]-cmc]:fu K fofnaiivea
A13N32910 (distribution eonstant) YOIATI5EH TN pseudo stationary phase uazindomle, ¢ fio
phase ratio auSATIdIUNeTnas nramianaziowivenda, 7 Ao Yiuasdelua
voaluiwad (partial molar volume of the micelles) UL cmc fiD critical micellar concentration
sonTsimmda ifinsfgeihounsfananinim ¥os w181y MEEKC roain 7 uay
eme T MEEKC ginmssfinnn Taoionasunoun iiiinous@inm v uae eme u MEEKC §
syt MEKC ol mududives SDS nas 1-immoaniitu etralsiamenaive
A dmmimus Rihuduaisssnham k uay [SDS] M MEEKC [ishihama ef al:
1995, Nhujak et al.: 2006) W1 & AuAMEIoAY [SDS] (1103910 ¢ AU 1591 partitioning
Wl pseudo stationary phase umfu

(o 14 BZ Shim3nas §IHa M 0AMENIAY 1909 homologous series 14 (Reannisfi
217) uananiudydnvaifeglil 4.26) w7 vea BZ Hdnnaldnnnsinnsilanld
anudiuduves SDS Raus 100 83200 mM i1 meoARADIFUA nominal values Taoiif1 |A7] <
0.7% inlmsUssdiuamaoda wihRnwsp a0 Bduass 7 A1 (SDS] taziigud i
nuuandsetinfomfgissauamdoiy 95% (M w17 Tumamnn ) Fuaalf
it 4 vesmsusasaiialiuiunomdudiuves sps Aniulugdi 426 Sumauily
AUNALYEY 1 VOsd T A0 IR (ML) Tinamdiduvoe SDS RalA 100 B9 200 mM (RSD <
0.5%) ninandSoneumniidenimsinseidromaiin MEKC Tunnsiii EOF wnuasld
Bz dummnasgnmui 7 s hiduunududuves SDS i [Muijselaar er al.: 1994]

sneadt 4.2 dieldamududuves sps fad 100 §1 200 mM Wulylasdiasu
Uriofuasi [sDs] 1aq Wmmdniuiidhadunssssnine log & uay z voamsuday
homologous series AUTUNITVDI Martin {tmnﬁ‘?i 2.16) [Muijselaar er al.: 1994] n'fawinm:i
munmevesmeTemsvowvosns mliasiinoniulalasiniin (hydrophobicity) 10



$u anfumsta paritioning 1911 hwoari e WAV IR fog & AU 7 [SDS] A1adulusng
100§ 200 mM AT URH TA$1005 1881715 11 bomologous series eI (Ralumisai 4.2)
A hiuananmanmin (RSD < 1.5%) uasiwnudnduess sos  TildwAnuuag
meihylene selectivity {ucy) woas homologous series 'iﬁll‘ll'%i'h |ﬂg e = d lﬂﬂ' a lﬂ'l.l
AIWFUNING A VTR LT TEH I log & 102 = ¥DY homologous series [Merzman e af -
2005) lijrlﬁ'i1'iﬂiiﬂ‘t'i"ll§.lﬁfh z Iﬁlﬁtlllﬁ:tlﬂﬁl&ﬂdll bomologous series AU log vens ﬁ1rglfl
§wiudadl BZ > PB > BA > PN faii log aewr i‘lﬂ'ﬁdﬂW!dilII!]%1H1?IjHJﬁ%Hﬂﬁ1i‘]'dE!~!|.‘li'i
uanAL AL bomologous seres

dinldnnelsuoianusy (@) »Rnsinasn m ug senig log k uas = 9z 14m
pdauny v SR IAs (o) 2 b B TER AT T DM uYaY SDS
(wamasi s luss et 4,2;!"'Hﬁﬂ‘l’iﬂﬂﬂﬂ#‘ﬁ‘!ﬁﬁrﬁﬂﬁﬂgﬁﬂﬁﬂdlu.ﬁﬂﬁﬂuﬂ‘l‘; 1i’: [Muisclaar er al.:
1994] TIN5 AS A wRdn MEKC Vil BOF 1nn Taomunmduenamims
logk = az + b dmsuBz Sdneudianai THHN:ﬁ:qaﬁmmu y O FERSTPRUIYR A% AP
SDS |

awndan insillsunsueas aunti 2,12 aansmom N vasnsld 10 wiia Ao Bz6,
BZ7, PNS, PN9, PN10, BAS, BAY. S, PBS na¢ PB10 dminasdubiacunsamm v Madn
QP01 11039 AN IToIRBHS L TIRDMSTY DB $108a¥0I7 SN0 SDS Ao
N waasdagli 43 wodudiomunaduduees sps Tusoa 100 f1 200 mM mlim &
AU P TTIRI NSRRI AN T 2.6) uaznshya IS ves
sps s Toa Ky daeandnafuilassandihmsunaisdismatia MEKC uar MEEKC
Tunmaz i EOF 100 [Terabe er al.:1989 uaz 1992) wonsINGMsiA IS NTYes SOS 9x
aa H Ao aitpasndoiisu Dianng) edalsimnismusamdutuves sps owinhid &
A0S D3 Jodle beating UARINKANIThAABITIaRIIHANDY K, Thioun sty
H,, naz 4, unztﬂﬂﬁuuﬂr1_ﬂuﬁmn'}mﬁuﬁufinﬁlaﬂ"m Nuaz k ﬁﬁ‘ﬂm{nﬁuﬂm S5DS ﬂaﬁ.
iaadn e huguUit a2 mbnaas i homotogoss gado I lasd minnding ¥ uana e binn
vituddmuaIiu homologous shagaduaiinn N usnandud i hinwasl1dinisah

Whans zoa lams s fvawilviohiinadent ¥ daiinarndahninion 2.6
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120 _

900 - . By

- o - = s PHI1
BZs
800 ' - ¥ - 1] A BAlD
. . - « PNII
L |
o & o l PHI
— L . ﬂm
i . BET
- =
100 . - & PHID
' |
I
o a PHY
- EEE—
& L wr + * I HBAR
PMG

n BI6

FBE
wr & FMNE

—
&

(L] 120 140 160 180 200
[SDS], mM

i 42 waveamwdudu SDs de (@) Tusudaeed war ) SmusuSuanves
homologous_series: MI50UY. 403 CE uaasdaili 41 dodnval x A, o uay o uaAds
homologous series ¥84 BZ, PN, BA a2 PB A& AL tdunsad M3y & Ao linear fit uazidunasa
dmiy 2An sundudteld sps At muuduaia 100 §1 200 mM: MaINEY (2) uazyRdin

uni y (5) veaRnuduRuiiBadunse logk = az + b voag1l 4.2a narmedalumisiaii 4.2
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-::: - - -y 3 L A
PN 4.2 ANUAURUTIFUdUATITEH I log k 1Y z ¥03 bomologous series 11 MEEKC tiin 14

mnduduYed SDS Adua 100 B3 200 mM (ns gl 4.2a)

log k=
[SDS).
mM1 arth BZ PN BA PB
a 0.405 0.345 0.350 0.381
= b -1.847 -2.491 -2.151 2728
v 0.9994 0.99%9 0.9995 0.9995
b -1.843 -2.488 22,164 -2.686
a 0.402 0.344 0.353 0.375
b -1.768 -2.406 22112 -2.604
120 " 0.9993 0.9993 0.9997 0.9996
b' -1.7%4 -2.420 -2.092 -2.626
a 0.396 0.344 0.354 0.372
- b -1.664 2352 -2.059 -2.527
7 09987 0.9996 0.9998 0.9997
b 1.726 -2.361 -2.028 -2.575
a 0.399 0.343 0.346 0.373
i b -1.642 2.292 -1.935 -2.482
I 0.9994 0.9994 0.9996 0.9996
b -1.681 -2.300 -1.987 -2.523
a 0412 0.348 0.354 0.383
b -1.696 -2.304 -1.961 -2.542
150 ’ 0.9998 0.9997 0.9995 0.9995
b’ -1.633 - 2272 -1.934 -2.485
a 0.410 0.346 0.351 0.379
b -1.647 -2.241 -1.896 -2.464
200 ’ 0.9993 0,9998 0.9999 0.9997
b -1.599 .2.231 -1.901 -2.447
a 0.404+0.006 0.345+0,002 0.35140.003 0.377+0.004
0.00245[SDS}- 0.00254[SDS}- 0.00261{SDS)- 0.00239(SDS)-
b’ 2.079 2.728 2410 29015
¥ =10.9920 ¥ = 0.9866 /= 0.9845 7 =0.9920

e ¥ ﬂ‘ il 1 L 4

a Ao Aundovoaanuun lAnnns A uauRusseu log £ uas z deldanududuves
o 1 ' . w i ' =&

SDS Aaus 100 614 200 mM; A b’ Ae Mgadanoy y iliuawdidlRnninliduas

[ A Beify a
IENIN logk a2 Tauli @ NARIN
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20 20 4
0 BZ6 O PN8
© BZ7 © PN9
1.5 4 1.54 & PNIO
) B
=10 =10
= =
|
0.5 0.5
0.0 —_— 0.0
100 120 140 160 180 200 100 120 140 160 180 200
1 [SDS), mM J [SDS], mM
20 § 2.0
0 BAS o PB8
! © BA9 ‘ © PBY
154 & PBIO
—
g
: =i.0
=
0.5
0.0 —Fr— 0.0 —— -
100 120 140 160 180 200 | 100 120 140 160 180 200
[SDS], mM ’ [SDS), mM

Wit 43 nsmmwdimiudssnienudiduves sps fu v: el Tnstilasuiived il
- 4 5 3 4
Ao SDS Aaud 100 §14 200 mM HBEA1IXUT ¥04 CE naAadaglii 4.1



2.0 ’ 2.0
) 100 mM SDS | b) 120 mM SDS
1.5 - 1.5 4
210 S0,
M
0.5 - T 0354 o o
0.0 - ' ) 0.0
0 5 I 15 20 25 o 5 1w 15 0 25
k A k
20 7 2.0
J ¢) 140 mM SDS d) 160 mM SDS
R 1.5 4
I ——
ll“.-l-u p “p-'l
10! gk 2 Bp 1 - adese
e e 1 4 e
= — X A¢ =
o L
0.5 - = 0.5 -
| y |
0.0 — -~ T 0.0 .
0 5 Mo 180 20t s 0 5 10 15 20 2%
k k
20 — 2.0
c) 180 mM SDS f) 200 mM SDS
LS it o x
o o e—— . o SRCU
210 el i |€m
| = =z
.05 0.5
o0 — 0.0 ' . y v
0, 5 ol 15, 20 2% i 0c S 10 15 20 25
k k

PR 44 nsidnon@iniug szt v Kitenuidiaidies Sos nadl: 213581 ves CE uama
#aqiii 4.4 doyaveann ¥ gl 4.3, x (BZ6, BZ7), & (PNS, PN9, PN10), O(BAS, BAS9), ©

- - - i - 4: ™
(PBS, PB9, PB10) uazd M3 homologous series §AIRYINY A1 & iuduamdnaumiveu



a2

43 HAVDIRAUNAH
I vv " ] e ' ¥
'lﬁ'ﬁ'mﬁﬁﬂmnmmqﬂmqumuﬁ 15 09 40 °C (298 03 313 K) A0A &, J uay N voq
homologous series 14 MEEKC Tav1diviesnlsznoudan 50 mM Wemaivies pH 2.5,
1.0% viv n-90nINY, 180 mM SDS uaz 890 mM 1-inmuea fudazqemgii1d1¥nssuanaii
¥y J £ -l - [ '.
95 WA INDAAHATINAYIN Joule heating M IiAu 1Y [Muijselaar er al.: 1994] TasdifdTivhdn
91 1.5 398 Ngungiigand 25 °C vamsmaaouaadagli 4.5 wuhnsisguinpii s
¥ o i i < e
k voamsannethauiluduass Taohi # > 096 (310 4.52) Saooandesfiuaums van't Hoff

[Muijselaar er al.: 1994] a0 In K 10 In & AN WEURUS AU /T faaums

Ink = RT +T (4.2)
Ly a
lnk = .. + %+ In¢ (4.3)

o AH uaz A5 fo umatluaziouInsdiianmaznasgi awddu R Ao Anadi
voaufia

# ¢ Tu MEEKC oinfisgAniadaigna1mnudrthedu Tuemitodoumhil e
nsdmnidumain MEEKC lunaziil EOF  ga - Taol¥Tamnnendmiveiiandu
(dodecoxycarbonylvaline, DDCV) WuasaaussRaf, 0NabzFan (ethylacetate) Wuvoa
s e 1-Gmeaiiumsaaus s wuhdeldamduduyves pocy i 1% ns
i TR K asusadunss Tuveefidleldnnduduves pocv il 4% 18
anwdinind i hiduduasissnin m K uas /73 wivwldn pocv 4% dumsldmian
usadsi i indidugaasiilin giisnn msnlfoundosgangiitidsmani liiianis
wanunlasn uag galir1evesly st 140 (Menzman e al: 2005] snfumdunug
MdnduAssTEnin In & nn:wr'lunu%i‘m';lr{ﬁ’agﬂﬁ 4.56) esiioaninmsulanunlas
vudntooniohiiansndouasm ¢ u MEEKC #alikanisnaaousu@orivanise
vounduisnounshilihmsAnuidmfunespiuesduazsznefunfiudaumaiin MEEKC
lunnzfidisa EOF [Seelanan er al.: 2006, Nhujak et al.: 2006]

wona i IdMNAnA In k vos BZ Tu MEEKC Taul¥gamgiinas 15 & 40 °C
ez 1¥mas Tiineiindiu 1.5 Fad wudmgamgiigands 25 °C uarimids sy 1.5 Jad

a1 In & nnndudndiendionSoudouiums¥nszuaifhnaiidhe 95 pa (Jak < 1.5%)
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Tvaziidio1¥qamginingt 25 °c nunmsl¥maalifhnaiid 1.5 San 18 1n & veonh
dnoudionSoufoutums¥mnszunithasiidu 95 pa (|ak] < 2%) used1elsimunile
WnmlsviunomandanquingBidondu wuh in k ves Bz #18nnms1gnssualvifnei
nawhds Idhasi il mumndudueduiiividgissduanudeiu 95% mna wis u
masn n) e lioiui bidanumednvesnsalioumlos in k Summanensa
Y8 Joule beating MARSuNINMs nszialifhnaiarmdeIiihad venainiiiedon
mwlsznin ok wax 17 AlERRT NI A nuhoumsdunsai18iia 2 > 097 e619ls
mworn dnszua Iifiiiding 95 pa ssedidsIniding 1.5 Sad el Joule beating 1A
foutym waiin Widonan lunsinnsfmsni

o4 Bz ilimsnsg MmN oA IR 7999 homologous series 1 (Raerumsii
21 (eraihiFodavadaglil 4,50 deldmaszdumamanta nuhmanusuvesauns
dunsa 1 iy T iozaigud biinuanasenisiiiviigyiszAunudei 95% @i a19
Tuniaruan n) Fwanaliisiuiin J ﬂﬂamsuﬁn:'uﬁﬁ'lﬁfuﬁuqﬂmgﬁ iufu'tugtlﬁ 4.5¢ 9
uamadlufundoyes 7 vosmsumaaiia (duity) Agumaddaud 15 &4 40 °C RSD < 12%)
viniioneuntafideimsdnsmigaomatin MEKC Tumazitt EOF win Taold Bz dy
msgas nszur fndingdim 7 ssnlfounoadndeudoqumgin/duumlas
[Muijselaar er al.: 1994]

vinmaei 43 del¥qumgifand 15 da 40 °c wuhiigamgiinei IAnuduiudi
Ahuduns 155N log & Uz 2 ¥BIASUADE bomologous series AIAUNIVDY Martin (1UN13
 2.16) [Muijselaar ef al.: 1994] huiAwIRUNs 1WA NuduYuves SDS Al

ningUil 4.6 msigangiiv i ¥ anas iesniminld A dindudureanen Joute
heating AU iodouns Mlaasn mFiussznham & wax & Hgumpinshuaaeialu
WA 47 wuhosiidu bomologous ya@oIu lasdanniisdr ¥ uandafulinminud
dmiumsiiiu homelogous. AayAtussdiA N uandradudais linwagl Idmisaiudu

J- ¥ " L] - - -.
ms g lams siivareilefoniinadem ¥ ivu@uifunis1sanuiduduves SDs Al



(c)
900 - - * = * B9
|
* . 3 " = BALI
288 93 198 03 108 113
5 FBI
T (K) 0 = o ¥ 22
——— v e unl0
) - ——A——7
- 9 - P10
T
Tm-* " . X = e BI7
* T BAY
w Y #r = PHID
L " ]
~ - 5 'y BAS
= P9
600 — - = BZ6
8 8
'3 : 1 ] [ g
& - PHE
500 , . - |
288 93 298 103 308 3
0.5 4— - : : 7K
19 3 3 1M 1MW 344

700’ K"

Ui 45 naveagamgiine (a, b) ImuFuudames uoz () IMuFUBUANYBY homologous
series: AMIXOUY Y03 CE uaasdsgilii 4.1 dyydnwalaieg uamsdagulit 4.2 unssdmiv & Ao

linear fit uazidumsadmiv 1 fio Aundodio1¥quunginwg 15 840 °c
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u[m'ﬂ 4.3 ANuERUEF A UATIIEN 1M log k U z ¥DY homologous series 14 MEEKC iiinl4

queagiiaauR 15913 40 °c (03 lugal 4.5a)

qungii,oc  Bk=a BZ PN BA PB

a 0.414 0.347 0.361 0.379

I5 b -1.643 22717 2019 -2.466
I 0.9990 0.9988 0.9996 0.9996

a 0.411 0.343 0.350 0.374

20 5 -1.633 -2.254 -1.930 -2.435
0.9991 0.9994 0.9996 0.9996

a 0.407 0.348 0.347 0.368

25 5 -1.614 -2.313 -1.919 -2.423
0.9992 0.9994 0.9996 0.9998

a 0.397 0.351 0.345 0372

30 b -1.567 -2.356 -1.921 2,479
7 0.9987 0.9998 0.9996 0.9997

a 0.197 0.355 0.335 0.367

35 b -1.584 -2.406 -1.837 -2.455
’ 0.9995 0.9997 0.9938 0.9996

a 0.392 0.355 0.335 0.162

40 b -1.572 -2.421 -1.844 2424
I 0.9994 0.9995 0.9992 0.9997




2.5 _ = 25
0 BZé 0 PNE
o BE7 O PN9
2.0 2.0 - a PNIO
- —
= =
=15 =15
= =
1.0 _ 1.0 - ‘
(TR 1 D— 05 S :
288 293 298 303 308 :ml 288 293 29% 303 308 313
2.5 2.5
C PBS
| Qm
2.0 2.0 & PBIO |
— =
B =
=1.54 =15
= =
1.0 4 1.0 -
0.5 WY B N TEENT 0.5 N—
288 293 298 303 308 313 286 293 298 303 308 313
T.(K) / T,(K)

phi 46 nsmimwduiuiszrheguungiiy A deldulasdosuief ity
4 g v -
01 SDS 180 mM 10¥ATIZ0U Y83 CE HitAdRazli 4.1
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1 e ' - a0 oA - -
U 4.7 namanuduiusaemin N Mk Tqainninsdi: Mivouq vos CE uaAsagn 4.1 19

doyovesrin N 91nq1lii 4.6, x (BZ6, BZ7), A (PN8, PN9, PN10), O(BAS, BA9), 0 (PBS, PB9,

- - [ ] - J -
PB10) uazd M3 homologous series YARLINU A1 & MUVUMUTIUMTUOU
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4.4 wavearino Ivivh

EvinsAnuinavesindvthaaus -10 81 20 kv Aiom1 & 7 uaz N v83 homologous
series Tu MEEKClunmzii hifi EOF Tavl$tiriesivsenoudae 50 mM Wommatviveds
pH 2.5, 1.0 % v/v n-DONIMY, 180 mM SDS 1as 890 mM I-limmen ms1¥fnd Ivfwnnnd -
20 kv didnTnsiIsunsudt Werdidgasuniudeudhannuaiini 1dsenfe vanans
yaneaLaAsiag A 4.8a wududleiudnd i & anne Fennmouiudadind il
miirarem £ uafimomsnaceadiumuilidean nnmmmnﬁutzmﬂqﬁ (1189970 Joule heating
Ay

e 14 BZ iiuesinasyuannsofinamma 7 189 homologous series 14 (Raoumsi
2.17) (unmni’luﬁmﬁ'nunfﬁ’a:ﬂﬁ 4.8) e l¥msilsefiunomeada nudwamsuvesaums
iunss 7 iy Puasmiguililanuuandsedsiiudwyissauadeiu 95% s w20
Yuminruan n) Fuaaslfisiudim Zvesmsusozialiduiudng i duiulugyd 4.0 32
urnaiusunfouss 290 ssunazyiin (Fuity) Andinthaaud -10 84 -20 kv (RSD < 0.6%)

v 44 deldndliied <10 f 20 kv wudiidndIrihnei1d
mmduNus R uR a3 1A log k (AT 2 YOIM3HARY homologous series AITUNITVDY
Martin (@IN157 2.16) [Muijselaar et al.: 1994] wuRoIR UM W¥RIMduduves SDS Asdl

vingalit 4.9 mstiuAnE AR -10 B -15 kv i N dudu ifesninmsanng
¥0d longitudinal _diffusion Fudhunmnnnnmlumsiadouiianas udedialsfamnisiy
Fnd I qeTuBnRaus -15 8220 kv s ¥ annedailiunavea Joule heating iloiditunsm
urRsnENWHE eI N uay & AndTthasiuaneda gl 410 wunmsidy
homologous YAMuaA Tasdnniian ¥ uanmaiy Bnminuddmivasfidiu homologous
seyaiuseiin ¥ uandeiudsdabiowagplRinidanidumswmglamsziivawileivii

Hamof1 N ivuiRoanuns 19nududuves sps as



9

120

() | (®)
Mi——x

f.

80 -
[ & P10
| ™
BAS
G0 - - — * -
700
)
40 * = - - %,!—1
— -
K .3 3
BZ6 |
600 w» -+ 2 x
PB4
20 - | a PNE
| N el -]
- < b
(1] E— 500 -
00 . 125 150 175 200 10.0 12.5 15.0 17.5 20.0
voltage, -kV voliage, -kV

;1}% 4.8 Hoveafng IR (@) Smuduuraines uaz (b) SImuFudUIANYDY homologous series:
AMbug 903 CE ARzt 4.1 dydnueldieg uansdeplil 42 duassdmiy 1 Aodundo
e 1§ g Irifidaud -10 Sa-20kv



4 o . 5 ' - -
M 4.4 ANdTuSY aduasaiEnIam log k Uz z 493 homologous series 14 MEEKC 1iald

find T wians -10 83 -20 kv (ns1llugal 4.84)

fndlidh, v lopk=aztb BZ PN BA PB
a 0.417 0,334 0.366 0384
10 b -1.729 -2.130 -2.028 -2.466
v 0.999] 0.9991 0).9996 0.9995

a 0416 0134 0.355 01384
125 b -1.725 22129 -1.93) 2475
F (,9993 0.9993 (1.9998 (.59

a 0413 0.33) 0.352 0,173
15 b -1.671 -2.115 -1.922 -2.396
0 9996 0.9997 0.9998 0,9995

a 0.407 0331 0.155 0.381
17.5 b -1.671 2,115 -1.948 -2.467
7 01,9997 0.999) ().999% 0.9996

o 0415 0338 0.359 0.177
20 b -1.758 2,193 -2.010 247
I 10,9964 0.9992 0.9996 0.9997
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2.0 | |20
] D BZ6 - PN8
o821 | © PN9
A PNIO
1.5
*-E |
-,
10
05 s e 05 . : .
100 125 150 175 200 100 125 150 175 200
voltage, -kV voltage, -kV
2.0 — - — | [ 20, .
oBAS | oPBS |
O BA9 © PB9
& PBIO
1.5 1.5 4
| = —
g B
= =
1.0 1.0
|
0.5 +—— . —— 0.5 . . : i
100 125 (150 475 200 100 125 150 175 200
voltage, -kV voltage, -kV

L
i v 3 W A v W da
3 49 nsmlmduiusszndieind iy &: de ¥l Tnsdladuividesifinomndudu

A
04 SDS 180 mM 18¥N1I¥BUY 494 CE iemadegli 4.1
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2.0 o | 20
a)-10kV | b)-12.5kV
1.5 4 L5
“g kS “E i el &
1.0 - 1.0
P B - g
0.5 - 0.5
o 5 10 15 20 25 0 5 10 15 20 25
k k
2.0 - L 207 :
c)=15kY | d)-17.5kV |
1.5 ‘ SR
2 | e 2
%10 “10 "‘ﬂ;‘_______."
0.5 : 0.5 !
0o 5 40 JIss 20t 2 0 5 10 15 20 25|
* 1/" a —j
2.0 AL 777 )
d)-20kV '
i.5
)
=
1.0 4 ll-v-.‘_________i
T, e A
'ﬂ..'lL‘v T T a7
0O o) 15 20 25
k

U5 10 naweuidaiugssn i N ok s TWshe i asbug 104 CE ummadagilii 4.1
' <
19doyavoam1 ¥ 91031l 4.1, x (BZ6, BZT), A (PN8, PN, PN10), O(BAS, BA9), L (PBS, PBY,

L - o .. ‘
PB10) oz M5 homologous series YARLINU A1 & MuAuA T MM UBY
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45 masivesnInszawiIvesmsszniheenmueaiazin (K,,)

dlel#nanmududuves SDS Haud 100 83 200 mm Taold BZ Humsnasgndma
fi1 log K, (2.13, 2.65, 3.13 ¥ 3.69 @iy BZ6, BZ7, BZ8 l1ay BZ9 ANA1AY) WU log k
w30 1 ¥09013 (Farun1si 2,18 uag 2.19) TnnuduiuiiFadunssfum log K uanadagyi
411 tazmnd 4.5 vnsansmaceslumsed 42 finudie 7 vea Bz A1 TuRuAI
Wuduves SDS taziin uANA1INUAT nominal value ¥D3 7 (600, 700, 800 1Az 900 dmiy
BZ6, BZ7, BZ8 liax BZ9 awd1dy) Anfunsmlaeudiouves log K. fu 7 Tugalii 4116 914
nominal value 494 7404 BZ #auns i lugulii 4.11a 19 log & ves BZ finnudududie q vos
SDS

N340 4.6 IAAURAOYDY log K. 483 bomologous series Tina1w 1Renns ey
Wouveam log K. hudog & Tauld BZ dumsmnsguiinandudunieg ves sps (uraslu
Iﬂ'r'i 4.11a 1azA15197 4.9) 1oz 1871 log K, fiinne1dsnnsreuiivuuea log K, Nul
Taol4 Bz dlumsinassm (eeslugli 4116 waraisieii 4.9) deldmslsziiumiada
WU log K, vaamsininng 18910 log & uie 7 hifinmuananeduiiiodwayiisedy
arndeii 95% (1399 21 WA 1AKUAN 1) UERIINTGINUTIA Tog K, vesmsininae 14
9I0A1 log k M30 ltn:ﬁﬁﬂéﬂﬂﬂuﬁ [ishihama er al.: 1995, Poole et al.: 2000, Hansen: 2000]
'l:iﬁn'nmmnﬁinﬁuaﬁuﬁﬂuﬁm"ﬂﬁiizﬁ'ﬂmmﬁaﬂ'ﬂ 95% (15719 H22 1Az M23 TumAruan
n) et TsfimnniionSoudouaimainae log K vosmsszninmsinnolaoldn log &
war 17iu ns WM 7 dnsainng Wdiendt iosinamse 1ns maoufouveert fog X
& 7 i nominal value oA 7 ¥osmsRinaduud 9 vos SDS @ 100 §4 200 mM)
Tiuanareiuluvaisii £ vossareiu
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- |
10 a) b (b)
35
|
3 H
v ’;i 30
& K-
| 25 2
|
!
’ |
20 < - —— 2.0 - -
0.5 1.0 1.5 2.0 :"}! SHh &0 704 b0 ] Q00 1,000
| log k [ ' !

= L

;dﬁ 4.1 nsmlaeudisunanan i duRuEs N1 log K12 log & (2 7 ¥83 homologous
series %03 BZ 1u MEEKC: TaoMmuiduduyna DS 100 f11 200 mM waznizdug voa CE
warnsdaglii 4.1 dgdnuellugpl @o,#. 4 0, 0.4 wamsdannudidues SDs A 100, 120,
140, 160, 180 112¢ 200 mM AMAAY

NN 4.5 aunisiduasaveansidaouMousedri log K AU log k u30 log K, fiu 7 vos
homologous series 1 14910 MEEKC Tnol¥ BZ tlumisanasgm

logK,, =clogk+d logK,, =el +f
[SDS], mM > i .
¢ d r e f ¥
100 1.275 1.387 (L9985
120 1.284 1.301 0.9990
140 1.301 1.203 0.9965
0.00516 0970 0.9992
160 1.293 1156 (L9986
180 1.25] 1.152 0.9992
200 1.257 1.101 0.9997

claz d Ao MROmTUazyATAINE y MudRUR IEnnnsaeuiouvean log K _ AU log
k Tanld Bz dummnasguiinuidududien va1 sps war e uax FAio AnTFUIEIARR
unty awdwui ldnnnsiaeudouvo s log £, A 7 Taold BZ @umsnasgiu: log K,
U1 2,13, 2.65, 3.13 uay 3.69 WM3Y BZ6, BZ7, BZS uay BZ9 WAy [Muijselaar ef al.:
1994]



AT197 4.6 A1 log K_ Y03 homologous series 71 1an1nmivinglu MEEKC Taul¥ BZ dums

YRIg
log K.,
analyte M
logK,, =clogk+d logK,, =el + f $rada
PN8 *1.72 £ 0.05 1.72+0.05 1.58 [Ishihama et al.: 1995)
PN9 '2.1340.06 2.1340.06 2.20 [Ishihama et al.: 1995)
PNI0 '2.56+0.05 2.56+0.05 2,66 [Ishihama er al.: 1995]
PNI1I '3.0240.05 3.024 0,05 3.11 [Poole et al.: 2000]
BAS '2.19+0.07 2.1840.05 2.12 [Poole et al.: 2000]
BA9 "2.62+0.04 2624 0.04 2.64 [Poole et al.: 2000]
BAI10 "3.11+0.06 3.11+0,06 ifidoya
BAII *3.56+0.05 3.56+0.05 Tiiidoya
PB8 "1.7810.04 1.784 0.04 1.96 [Hansen: 2000]
PBY *2.2440.05 224+ 0.05 Tiiiidoya
PBI0 275+ 0.04 275+ 0.04 ifidioun
PBI! '3.22+0.03 3.22+0.03 Tifideya

cunz d fie MAnuTuLozyARAUNY y amdidun ennsiaeumouvesn log K, M log
k Taold Bz dumnnasguiinanndudusmeg vos sps (anslugilil 4112 nozmsadt 4.5)
oz e uaz fAie MauuiasgaRaum y Amdauildnnnsmaeuioves log K fu
1 104 Bz dhumsaasg i (emalugali 4.116 iagasiai 4.5): T Ao Aundevos 7 voumas
arsiiie1¥aannduduves SDS 100 4200 mM ‘Aunduidiel¥arududuves SDS 100 f 200
mM
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4.6 nannneaImuuiaineives homologous series
A o - ] -
(WOT9L 1114101 k ¥94 homologous series 14 MEEKC finnududunia 4 vo4 SDS e
v i (o - - -
oiedoyasIna mdNUBIFUEUATIITHINM log K UAZ z AAUNIIT 2,16 HAZAITIAN 4.2 92

Fi v - § -
Raunisvuulmiie 1$vm081 & ¥o1 homologous series RIAUMS
logk=az+b' (4.3)

sinnamsnansshuglit 4.12 wuduilel¥munisii 4.3 uosdoyovesrs @ way b o1n
M31e0 4.2 AUNTONIMILA log & Y8 homologous series 14 MEEKC finmmnduduves SDs
130 ax 190 mM14 Sy I ns i fiFudunraunani log & i 18 Innananeiay
mavnneiitinowsudu 1.000 ¢ =0995) taz 0993 ¢ = 0.996) inamiduduves sps 130
ez 190 mM mud iy diel¥mslszdiuramadia wuni log £ Yoeas i 1isInn1smanes
wazminne hiinmuansendihividgfissdunadoiu 95% @113 #24 way w25 lu
ArIN ) Fa3 LSRN gINDIA1 log & ¥4 homologous series W IROINATS AL
Taolderunish 4.3 uazdoyavas @ upy b vInmsna 4.2

a) 130 mM SDS b} 190 mM SDS
25 4 2.5 -
| y=1.0000z -0.0028 ¥ =0.9930x -0.0138
A= 0.9548 = 09962
0 20
b -
-]
215 4 S
3
g T
‘§ 1.0 4 s 1.0 -
(5] = |
0.5 05 4
| 1
00 4 W - . . ool § . .
0.0 0.5 1.0 1.5 20 5 0.0 0.5 1.0 1.5 2.0 2.5
predicted log & predicted log k

71 4.12 nsaiserasn AN UT 3£ 3191 log & 83 Bomologous series 1l 1AINMIMARD I
yinnolu MEEKC Taol (a) 130 1oz (b) 190 mM SDS: Mazdug ¥ee CE uansiagli 4.1
dydnueiuanslan log k #18vInmInaaosuansiagiil 42 uondunssuaasden log k 114
oinnsvieTaolFaunsh 4.1 uazasadi 42
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apluaaniidy

5.1 agwaniinaaes

ﬂﬁi’ﬂfﬁﬁinmﬂﬁuﬁﬂ TAun aaududuves sps ((sps)) quugil uazdndIni
fifinaaoimusuuiames (k) Tmusudu@n () uaslE@ninmysamsuondts V) Tumaiin
MEEKC Tunmeitlifl EoFTaomsiioulsdlunguesiszon ToTulode 18ud Safanmudy
(BZ) onAnaniof Inu (PN) sanam Tyien (BA) unzdafiawis 1y (PB)

38U MEEKC #1$1szneudaoonniaiideiifios 2.5, westianonmu 1.0 % Tau
Winasdiuneaini, SDS Tugs 100 54 200 HadTuaridlumaanissii uag 1-fmmea
890 fiad Tuariitumsaaussiafiaiou

9INNITNANBITIATOMINTWINGIVES & 1102 ] UBY homologous series YBIMIIATIN
asmuluduiRodi (intraday precision) HazAa TN (interday precision) woz1$iineiya
Auavuuazaeyaiy TaoldlyTasdiasuivadeifdsznoudio 50 mM Weaativiedil p
2.5, 1.0 % viv n-980IMY, 180 mM SDS 1A% 890 mM 1-ilm1uea Gleersand k ves BZ A4
Wumsinasgnmuhiinnouiu (@) uassgadaunu y (b)) vearums logk=az+b
d M1 homologous series 494 BZ i 11irivasyaReafuunzsyadu Amswimsmoluiu
Araruazsuiuiin biuanmemanminuazde Wmstszdiuneniadanuiim a was b
A limuandnduednifuidgiissavanudeiy 5% uaasliiuhianuiivege
o k ¥a BZ i diluannnasgm vonnnfidenioudoussuind1 I vos BZ #lRon
A (semsdnngiasneluiudoduiesmaiuiu uislaslEiiMeiyaRuaiu
UnEANYAN) (1ALA1 nominal values Y0981 7 ¥04 BZ Tauldmatlszdiunanaadid wudi 7
v8d BZ A1R0NNSANNBIINYA nominal values LifinsunnaduodhTedinfisesy
awidoif 95% 93 Iitudinrmuningavesi & ves BZ Aldiumsinsgm dofivisan
f1 k Uy 1 yaeImaney (PN, BA uaz PB) nuhdnudosumduwus (relative standard
deviation, RSD) Y0311 k uaz 7 ¥eamsmaaeunnms iieiyaivaiuuazdraygafunasii
msinnedrsmeliuRntuimandudoadndes Tuvasf RSD ves & uaz 7 vesms
naasusinns e iyaiRuafunaraagaiu uaziimsimseimsdeiuiu Taunaeh
denfoudeuiumsiinseinoluiu@ertu msi RSD veq k uaz 7 vosmsnareunInns

L] - - : el
AnTIE A uiula N pwitteanninmulAmanilvestufingfiaatd luuragiu
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uanaaty imami Y EOF tazat & ivnuoa 1AnSaon ] (Nhujak er al: 2006) idatialsfiamy
dioldmslsvifiumonada wuhi £ uoy Tvosmsmassunamsinnsimsmeoluiy
Anfuazaniuiu wistviesyaRuinuuazaagaiu hilinamuanaaiuedaiiiod o
fszAuAITOINY 95%

wonanfiiield Bz Wi nnasgiu 17 yeaaismaaoy (PN, BA waz PB) 1ildee hi
wWasunlavdiel¥nnududunos SDS A 100 2200 mM (RSD < 0.5%) qumpiinaud 15 fa
40 <C (RSD < 0.2%) unzfnd Il 15«1& -10 63 20 kV (RSD <0.6%)

i & dniuFaduasifomunnmdituuns SDS A 100 1 200 mM (iipa9in
fandnvoninasvoaraweainiinedioasve uamdsarlaminnniy  usseiinonas
iougugiiawg 15 8140 °C Asthsennnm mmnse lunsazmovesars uowion
taihnniiy S Tuavosasfieglumlaemiziuiiinszqanas usnvindinistiudndivh
Kaush -15 B9 20 kv ATk s Faanumauiundrdndlaili binasiinorem & uaans
nARD AT UTIDYINMIAMUHYTITUARI I Joule heating HTIY

Tuawitoiiannsomm v veea1s 14 10 wiin Ao BZ6, BZ7, N8, PNS, PNIO, BAS,
BA9, PBS, PBY uax PBI0 dwivastulinunsmnsiy Wotagadns issnindiams
Founvdusyniinasiy DB dleruaududuved sbs Tuyae 100 3 200 mM vl ¥
ddu Weteann N ulskdudy # sazmsiinndudiues Sps srlos H, i
aoandpaiui 1o lumsuonmsaaomaiia MEKC nas MEEKC lumasilii EOF 1nn
wonuiniimsinnudidiyes sos vl 7 #a0 otre s siunrudaduves SDS
o1 ina A, A uip MR Joule heating (AYINHANTTNARBITIARITIHAYEY H 1
Woondimistin K, ube H ArtimsikguigIRaA (5 8540 il N onas ilosninms
wmgaimgil Wl A, S udranin Joule beating AMAYN uoneINGMsALFRS IV
Faus 10 Ba-1 5KV bim MG v inted e Wigitudidal difusion 4 itk
vinnotlumsindouiianos udotelsiimmnisiudnd TR g uBads -15 §3-20 kv il
A1 N onasailuraves Joule beating wenvINTlod N AR IF TN N
uaz k wnrududuvos sDs, qumgiinodnd T nai muiiasiiiu bomologous yauaiy
Taodmnniin ¥ uanaiuimminuadmivasiitiu bomologous Aagatuesiing N
uananfudaialiowagl nidaiudums wmglamseinmoileieiiinadon v

dlowinmduiugseniiem log & uar 2 numiueueesmsTungy homologous
series)  wuh 8nmdniusidhuduasssenham log &k U z AIWAUNITYOL Martin;

logk =az+b [Muijselaar et al.: 1994] AR a0 SDS At tug1a 100 81 200 mM 430
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qumgiingiilugas 15 @4 40 °C wiodndInfhnaiilugs -15 8s 20 kv Taofinowdu (a) nae
RARLAY y (b) funﬁﬁuﬁmm homologous series 1AuTiM a ¥B3t13 IUNGu homologous
Ao hiturunmduduves sps uifuaﬁﬁ'uqmuqﬁnm:ﬁn&"lﬂﬂ'lﬁ'li’uumns Tuvasiisin
b Suusnanududuves sos gungiinarAnd i l$uonms

ilo1¥nmududuvea SDs Faust 100 84 200 mM Taold Bz Summnasgndans
M1 log K,, WU log k W30 I vesmns finnwduiui@adunsaium log K, uozemnia
e log K,, vesmsnaceyld Tasodonsmasuiivuvessylog K M log & 138 log
k., #u 1 Taol¥ Bz Wumnnasg damuhi log &, vesmsiimin 189106 log k uie 7
Lifinamunnswosiiiodweiissdunmdeiu 95% uazuonsinditimuting log K,, w09
msiivinne1énnm log k wie 7 uagmnidroa T hiiaaumndmiusdihivd o
sedunTudeiiy 95% et lsfimmilenlioufiouFEmsinne log X, vesmssenien
viuwlaolda log k uaz 1 Y 01919 1 cwnsasinnei@iend) dessnanseldnsm
AOUIRUYOIN log K, 1 1 il somisal value WazA1 7 vosmisfinamdudusiie q vea SDS
(Faus 100 83 200 mv) Taiumnshed lvaied £ vosensAreiu

wonnnti 1Mo log k vesms laoldaumsilivlis (logk =az +5') o
pmanuduRusFadunsivesm log & #énnmmaseuazmsinnedtinmsudy
1.000 (= 0.995) ua 0.993 (* = 0.996) Anamiduduvos SDS 130 uaz 190 mM AWAWY Lo
deldmsdsuiiunannadanuhe log k ¥esesi Wnnnanasssasnine iy
unnAet it waRsAunmdei 95% uansliiitufsnamuniugavesm log k ves
homologous series i 11NN N0 TAu1Ferumisinlfunlge

nan Tasaql IR dSmusuurnme fuass musuduanannsn 1§ lumstuiufinues
nrlé uasilvioitinadodiarosrnnsoeiing18laoTsdamsmeTasu Inasifuazdidn

Tns TnwninTnsu Innsw

5.2 unmnaulaeaell
L 4 "

usnviniite lddnnaveariiauasa iyt Mnza wduni dhiine smudu

Fl é - 1 ' 11 - [P
unniAeivems Fanwarazidoavesnaninaass litlsingeglussnuaiuauyseli udiiog

- J iy - J "
TunnaniSeRARUN 1NN Electrophoresis Adlunmmuan a wazanddviinasfinuide

i o A dw
'liunnqi‘n::ummuwﬂun:mmummm:ﬂ:mnuu'n'lu'lsmn]wnumlnmnaqnm
L4
J - L)

TeTuTadrs o mulumsmnnsivnzou lumsuonensfaingn
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MANUIN N

nsnaTeUYeYAMIADA

M3 W1 WTounounInINgy (a) unzmigadauny y (b) vodaums logk = az + b dmiu

homologous series ¥8¢ BZ W 1Aninn1slinszimsniohuiuRvanuTaoldiiMeyniRoniu

Taoiins3insieridn s ase (n=5) ('ﬁmg AVDY & VINAIT 1 4.1)

afh a b
I 04054 -1.6497
2 04057 -1.6533
3 04039 -1.6411
4 04031 -1.6334
5 04049 -1.6446

Anova: Single Factor

SUMMARY
ﬁ’fﬂ‘ﬂ Count Sum » Awmge Variance

1 2 =}:2443 “0:6222 21117

2 2 -1.2476  -0.6238 2.1197

3 2 -1.2372  -0.6186 2.0910

4 2 -1.2303 _ -0.6152 20737

5 2 -1.2397 = -0.6199 2.1002
ANOVA

Source of Variation Ss df MS F P-value " Fcrit

Between Groups 8.9054E-05 4 2.2264E-05  1.0605E-05 1 5.1922
Within Groups 10.4964 5 2.0993
Total 10.4965 9

aq)l  F(1.060SE-05) Voo F erit (5.1922)

4 0 e E
AMUMANUTUUASAARALNY y vosoums logk =az+bdMiu  homologous

J -5 - -~ - e - a4
series Y94 BZ i lAninmsimngiarsmoluiudoaiulavldiireiyadondu Tifinow

] i e W J. [ Q'r
unnAnfuetninfudWgiszduanuideiu 95%



M K2 Wioumoumn iy (o) uazmgadauny y (5) veamuns logk = az + b fmdy

: d - ; y

homologous series ¥83 BZ i lAvnmsiinsrimsseiuiulaoldiiosyadoaiu Taom
- v . -

msunsed sTunardriuas 2 s (n = 10) Foyaves k Mz 4.1)

ﬂi‘:iﬁ a b ﬂ'fw‘lﬂ a b
I 0.4084 -1.6768 6 04071 -1.6701
2 0.4066 -1.6669 7 0.4098 -1.6898
3 0.4096 -1.6946 8 0.4086 -1.6847
4 0.4090 -1.6877 9 0.4054  -1.6497
5 0.4052 -1.6535 10 0.4057 -1.6533
Anova: Single Factor
SUMMARY
ﬂ%lﬂ Count Sum Average Variance
1 2 -1.2684 -0.6342 2.1740
2 2 -1.2603 =0.6302 2.1497
3 2 -1.2850 -0.6425 22138
4 2 -1.2787 -0.6394 2.1981
o 2 -1.2483 «0.6242 2.1191
6 2 -1.2630 -0.6315 21574
7 2 -1.2800  -0.6400 2.2042
8 2 -1.2761 -0.6381 2.1910
9 2 -1.2443 -0.6222 2.1117
10 2 -1.2476  -0.6238 2.1197
ANOVA
Source of Variation s df MS F: P-value-. F erit
Between Groups 0.0009917 9 0.0001102°  5.0922E-05 1 3.0204
Within Groups 21.6387 10 2.1639
Total 21,6397 19

agl  F(5.0922E-05) Yieun F crit (3.0204)

AniumauuinsMgARauny y vesums logk = az+b dmiy  homologous

series %04 BZ i IdonniinneimsieiuiTaoldivmlodgadort lifianuuandaiu

ptaihTomAgfissAun it 95%



M3 W3 WTouiiouminudu (o) uasmigasauny y (b) veseruns logk = az +bdmiu

homologous series ¥84 BZ i lAninmsinszrensiudoriu Taoldiinoiaegaiu Taold

i 5 1num:1';11ﬁn= 2084 (2= 10) (Yoyavos k 91NA151 4.1)

n:: 41'% a b ﬂi’ aﬂ a b
1 0.4026 -1.6387 6 0.4020 -1.6360
2 0.3991 -1.6106 7 0.4029  -1.6355
3 0.4014 -1.6323 8 04030 -1.6341
4 0.4049 -1.6551 9 0.4068 -1.6657
5 0.4015 -1.6290 10 04066  -1.6643
Anova: Single Factor
SUMMARY
ﬂi‘{&ﬂ Count Sum Average Variance
| 2 -1.2361 -0.6181 2.0835
2 2 -1.2115 -0.6058 2.0194
3 2 -1.2309 . -0.6155 2.0680
4 2 -1.2502 -0.6251 2.1218
5 2 -1,2275 -0.6138 20615
6 2 -1.2340 -0.6170 2.0767
7 2 -1.2326 -0.6163 20775
8 2 -1.2311 -0.6156 2.0749
9 2 -1.2589  -0.6295 2.1476
10 2 12577 -0.6289 2.1443
ANOVA
Source of Variation S8 df MS F P-value_ F crit
Between Groups 0.0009620 9 0.0001069  '5.1204E-05 1 3.0204
Within Groups 20.8752 10 2.0875
Total 20.8762 19

aql  F(5.1204E-05) Youni F erit (3.0204)

»
AIUAIATIIYWIREAIYAARUNY y voaoumT  logk =az + b MTU homologous

J o - - - " - L]
series ¥04 BZ #laninmisinsiviemsmoluiudondulaoidivireddegaiu Tifiaaw

unnAsiuet i AgssAuaBesiv 95%



M1 we oumouinnudu (o) uasmigadaunu y (b) vodeunis logk = az +bdmiy

homologous series ¥94 BZ i IAnInmsdinsizrmsareiudu Taoléivilosiayaiu Taold

v : H
iMived s YRUDTTIYADE 2 ATI (n = 10) (FOYDYDI k 91NAIT W 4.1)

Hfﬂ# a b ﬁil'ﬁ. a ]
1 0.4026 -1.6387 6 0.4054 -1.6366
2 03991 -1.6106 7 0.4076 -1.6746
3 0.4044  -1.6335 8 04072 -1.6667
4 0.4049 -1.6375 9 0.4054 -1.6497
5 0.4047 -1.6296 10 04057 -1.6533
Anova: Single Factor
SUMMARY
nfaf Count Sum Average Variance
1 2 -1.2361 -0.6181 2,0835
2 =1.2115 -0.6058 2.0194
3 2 -1.2291 -0.6146 2.0765
4 2 <1.2326  -0.6163 2.0857
5 2 -1.2249  -0.6125 2.0692
6 2 -1.2312  -0.6156 2.0849
7 2 -1.2670  -0.6335 2.1678
8 2 -1.2595  -0.6298 2.1505
9 2 -1.2443 0.6222 2.1117
10 2 -1.2476 | <0.6238 21197
ANOVA
Source of Variation 58 df MS F P-value | Fcrit
Between Groups 0.0012329 9 0.0001370  6.5328E-05 1 3.0204
Within Groups 20.9690 10 20969
Total 20,9702 19

aq)l  F(6.5328E-05) Moun F erit (3.0204)

¥ 1 - o
AHUAIATIUTUIRLAAARUNY y YOIOUMST  logk =az +bdMTY  homologous

series 989 BZ W 1&ninmsiinnzdmsaniuiulaoldividessngedy hifinnuandieiu

L] LR i *
ooniituddgisesRunimdoi 95%
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M9 85 nSoudoud 7 vee BZ 1 ldninmisdnoa (mamsimnsimsnwluiu@odulae

19iirlesgaiRuI™) 1azA nominal value Y04 7903 BZ (600, 700, 800 uay 900 fwy BZ6,

¥ L
BZ7, BZ8 uaz Bz9 muday) Taoimsdinnzsn s ase (n=5)

fr 7 TdnnnsAnon Weyaves 79inme 4.1)

Ajan BZ6 BZ7

BZ8 BZ9

1 600 701 799 900

2 599 702 797 901

3 600 702 798 901

4 599 702 799 900

5 600 701 798 901
fathe nfioudous 7 voe BZAIAEINMaANINATaR 1 1Az nominal value

t-Test: Paired Two Sample for Means
e e nominal value

Mean 750.0342 750
Variance 16669.027 16666.67
Observations 4 4
Pearson Correlation 0.9999764
Hypothesized Mean Difference 0
df 3
t Stat 0.07714
P(T<=t) one-tail 0.4716827
t Critical one-tail 2.353363
P(T<=1) two-tail 0.9433653
t Critical two-tail 31824

gt ¢ Stat (0.07714) YiDUn 1 Critical two-tail (3.1824)

- : & P ] ¥ oW
A9TUAT 7 v84 BZ 1 18910mM3A AT | 1aZA1 nominal value MTiA1MUANAIINY

L) - W 3 - 4 ".'
puniiodngRszAUA AN 95%

j iy, e - .r -l L] .I'I.
wiel9imendd hohuesRoanuil seldnansnSouiisum 7 ves BZ fldsnms

v - - ' 4 w o
AIAsIN 2 612 S 1azA1 nominal value FaarjlualAdatl
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t-Test: Paired Two Sample for Means

R (Stat 1 Critical two-tail
1 0.07714 3.1824
2 0.06774 3.1824
3 0.04441 3.1824
4 0.05195 3.1824
s 0.1074] 3.1824

Ll
¢ Stat ¥180n 1 Critical two-tail UTIAYIIAT 7 Y84
BZ #lAnnmsdnnn  @nmsiinsisias
moluuRoriulaolfiieiyaifvadn)  uas
fi1 nominal value ¥94 BZ Tullanuuana1aiu

L] e L .. L -i ‘.r
pdniivom g NszAuAIYeNY 95%
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L] J - L] - -
M3 w6 nouifioum 7 ves BZ #lAnamsAnan (nmsinneimsaeiuiulaeld

1o yAiRuaAu) uazsi1 nominal value Y04 7 Y89 BZ (600, 700, 800 uaz 900 dmiu BZ6,

» ¥
BZ7, BZ8 uaz Bz9 mmidy) Taoinmsiinsiedt stuuazdriuas 2 a5 (n = 10)

i d
i ldnnmsfmau (doyaves 7 ninmsu 4.1)

af  BZ6 BZ7 BZ8 BZ9
1 597 705 798 900
2 598 705 798 900
3 599 704 796 901
4 598 704 797 900
5 599 703 T98 901
6 598 704 798 00
7 598 703 800 899
8 599 702 801 899
9 600 701 799 900
10 599 702 797 901

frat1e Wiouifoush 7904 BZ # 180InMsRmaun e 1 4asH nominal value

t-Test: Paired Two Sample for Means

Mean

Variance

Observations

Pearson Correlation
Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail

P(T<=t) two-tail

t Critical two-tail

P 5]
A1 AnansfAnuniai |

750.02826
16678.688
4
0.9996846
0

3

0.01743
0.4935956
2.353363
0.9871911
3.1824

nominal value

750

16666.67
4

aqt  ¢Stat 0.01743) ¥ievnd ¢ Critical two-tail (3.1824)



Ll - : J .
egninudiAgRszaun NUIFeY 95%

- - - : - i 3 (] .
AIUUAT T Y09 BZ ﬂ‘tﬁﬂnﬂ“'ﬁ}ﬂ'lmﬂ'ﬁﬂ 1 UPEA1 nominal value 1“”ﬂ11ﬂllﬂﬂﬁ“ﬁu

J ey -l -’ -l L) -J
weldtmaeatd hiweadvanuil 1 @wamsnSoudivua 7 ve: Bz #lAninms

2d 4 i
fnauaiei 2 84 10 1AL nominal value Fsargilua AR

t-Test: Paired Two Sample for Means

a3 tStat ¢ Critical two-tail aqpl
1 0.01743 31824 ¢ Stat 110071 1 Critical two-tail UTAYIIAT ] 103
2 0.05161 3.1824 BZ it ¥ nnmafian (mamsiinnsimse
3 -0.04953 3.1824 TutulaoldididaigaiRoaniv) uozm nominal
4 -0.04365 3.1824 value 984 BZ hilinuuana unuedaiivied iy
5 0.06277 3.1824 ﬂi#ﬁ’ﬂﬂmﬁﬂﬁu 95%
6 0.01967 3.1824
7 0.01652 3.1824
) -0.07493 3.1824
9 0.07714 3.1824
10 0.06774 3.1824
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aq L] J el - -
M 17 Wivudoum 7 vee BZ #ildninmsdnne (memsimseims uvadulaold

1io3AYARY) U02A1 nominal value ¥84 T 484 BZ (600, 700, 800 waz 900 tnsy BZE,

BZ7, BZ8 unz B29 mwdwu) Tavldiviies s 1ﬁuu=-i'11nnt 2081 (n= 10)

-
M 7 ldnnmsdnan (Yeyaves 79nmae 4.1)

aei BZ6 BZ7 BZ8 BZ9
| 601 700 798 902
2 601 701 795 903
3 600 702 796 902
4 601 702 795 903
5 601 701 796 902
6 601 700 796 903
7 599 703 796 902
8 599 702 791 901
9 601 700 798 902
10 601 699 798 902

grot1e Wiouioush 7vos BZ A 1&nnnsAauniait | uaza nominal value

t-Test: Paired Two Sample for Means

Mean

Variance

Observations

Pearson Correlation
Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail

P(T<=t) two-tail

t Critical two-tail

M I lannmsnmaunied 1

750.0635
16672.719
4
0.9999039
0

3

0.07096
0.4739474
2.353363
0.9478948
3.1824

nominal value

750
16666.67

ol ¢Stat 0.07096) Vioun ¢ Critical two-tail (3.1824)
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"!‘ L] J -4 J L) Ll 1] -
Aaiuat 799 BZ 7 1dnnmsiuunii 1 uazaA1 nominal value Liifinnuuandaiu
. - 3 s
ponIisH Ny NTEAUAIIITDIY 95%
4 e = .; - i -I
weldimandaludmeudoaduil seldnamsnSoumous 7 voe BZ #ldnnms

Aniawniad 2 83 10 uaze nominal value #m;tlnn'lﬁi’n'f

t-Test: Paired Two Sample for Means

& tStat  tCritical two-tail LEY
1 0.07096 3.1824 1 Stat UBOAI ¢ Critical two-tail UTTAIIIAT T ¥4
2 0.02433 3.1824 BZ i o nntsiiuas (nnmsdinnerimsdu
3 -0.03259 3.1824 Ao Tnoldiirefiregai) uaze nominal
4 0.01623 3.1824 value ¥04 BZ Tiilanuunnasiuetaihioddiy
5 0.04931 3.1824 frzaunnudeiiu 95%
6 0.06449 3.1824
7 0.00822 31824
8 -0.03728 3.1824
9 0.06478 3.1824
10 0.00088 3.1824 7




mne w8 Wisuoum 7 ves Bz Aldninmsduna inmsdinngdmameiuiulasld

UlieiAayAf) uazA nominal value 494 7 Y3 BZ (600, 700, 800 1iny 900 dmiy BZ6,

BZ7, BZ8 unt BZ9 ANAAL)

m i onmatau @eyaves 7 vinmne 4.1)

L4
-

<
fiim BZ6 BZ7

BZ8 BZ9

1 601 700 798 902

2 601 701 795 903

3 597 704 799 899

4 598 704 800 899

5 597 705 801 898

6 597 704 801 898

7 599 704 197 901

8 598 704 799 900

9 600 701 799 900

10 599 702 797 901
#10013 WSeuiivua Jves BZ ﬁ'lﬁﬂﬂnﬁﬁ‘m’]ﬁﬂgﬂ% 1 82A1 nominal value

r-Test: Paired Two Sample for Means
P [T ——— nominal value

Mean 750.0635 750
Variance 16672.719 16666.67
Observations 4 4
Pearson Correlation 0.9999039
Hypothesized Mean Difference 0
df 3
t Stat 0.07096
P(T<=t) one-tail 0.4739474
t Critical one-tail 2.353363
P(T<=1) two-tail 0.9478948
t Critical two-tail 3.1824

og1l ¢ Stat (0.07096) 1iB6NT 1 Critical two-tail (3.1824)



L - L -. - J é
pdiiodfigiszAunmdeiu 95%

» ] »
ANTUAT 7994 BZ 1 1ATINMSAMIUATIN | HOEAT nominal value THTIATMLANAIIAY

‘ oy - -' i L] J
el inuadaliheufoaduil seldnamsnSoudious 7 ves BZ 7l40inns

L 4 ' 4 v o
fmamaiei 2 83 10 HaEA1 nominal value FeergulnalAdsll

t-Test: Paired Two Sample for Means

No. tStat  tCritical two-tail ol
1 0.07096 3.1824 1 Stat I0UATN 1 Critical two-tail UTAIIIA 7 ¥04
2 0.02433 3.1824 BZ i 180 nasdnnn @nmsdinssiasd
3 -0.06157 3.1824 Fuiulavldiivivefdragaiu) uaze nominal
4 0.00916 3.1824 value vo4 BZ liifinmuandaduedieihivdiy
5 -0.02968 3.1824 fsvsummidesiu 05%
6 -0.03015 3.1824
7 0.02713 31824
8 0.01176 3.1824
9 0.07714 3.1824
10 0.06774 3.1824
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1313 19 nuuMoua £ ¥99 homologous series 11 1AM IIAT I msmoluiudnaiulae

L3 ¥
iivosyaiReiu Taohmsing s s a5 (= 5) (Yoyaves k 1nms 4.1)

PH1I

PNIO  PN9 PN BAIl BAI0O BA9 BAS PBIl PBIO PBY  PBS
34804 15444 70094 3364 BB978 40040 17955 7.992 51558 21344 8822 3962
34568 15335 7245 3354 8BSTR 40673 17955 7940 51506 21554 8813 19W
3684 15430 7032 3348 BESI} 40653 17946 7984 51338 21484 2943 3993
15065 15203  7.007 3345 BR.222 40928 |I78B} 7956 51558 21576 8862 1986
34698 15132 7200 3354 BE444 40612 17928 7976 51128 21326 BE(M 3945
Anova: Single Factor -

SUMMARY
ﬂ‘fw‘lﬁ Count Sum ~ Average Variance
| 12 301468 25,1223 641.262
2 12 301,497 2541247 637,779
3 12 3001.467 251223 636.292
4 12 301.791° 25.1493 636.287
5 12 300,547 25.0456 635.218
ANOVA :

Source of Variation Ss df M5 F Pvalue  Ferit
Between Groups 0.0739818 4 Q01850 2.50185E-05  1.00000 2.539686
Within Groups 350585.211 55 637.367
Total 35055.285 59

ap)  F(2.90185E-05) Yi0oni F crif (2.539686)

Fnium & ¥8a' homologous series M1dvInMsdnTedaismoluiudniulaold

» -l - " i L Li LR - -4 - J l.!'
tiasgamoaiu hifinnuuandraduadaintodmgnseAuanuidonu 95%



M3 w110 WSoudoum k ¥oe homologous series M IAINMIsIRTIEHmImeTuiulaold

iieiyaidvaiu Taohnisdinsed 5 Tunazdriuas 2 a3 (0 = 10) (Foyavea k 91na131e

4.1)
PNIl  PNIO  PN9  PNE8 BAIl BAI0 BAY BAS PBIl PBI0O PBY PBE
34786 15710 7.058 3.251 8B38E 39734 17324 7720 52756 21310 8287 391
34832 15833 7080 3264 BE265 40046 17.163 7682 52732 21093 8252 3895
34488 15314 790 3327 BBA490 40906 17844 7985 52474 22005 8840 3.894
35232 15031 7.049 3208 BB.224 41567 17717 7976 52468 22320 8978 1949
34232 15228 7015 3289 BB.735 40259 17254 7407 51.060 21361 8651 3805
34885 15822 7.117 3354 88060 41095 17260 7491 50378 21516 8.624 381
35967 16178 7.351 3325 29347 4302 17512 7974 52679 21770 8655 3911
34592 15956 7.455 3258 B9.000 41142 18.095 BO03I 53075 22706 8791 3924
34814 15444 7194 3364 BROTE 40040 17955 7992 51558 21344 BB 3962
34.568 15335 7.245 1354 BRSTR 40673 17955 7940 51.506 21554 8.R13 3974
Anova: Single Faclor
SUMMARY

nfaﬁ Count Sum VAW Variance

1 12 3002359 25.0197 643422

2 12 300.1364 25.0114 643.158

3 7 3027574 252298 642289

4 12 3038196 253183 642.962

5 12 298.3966  24.8664 641.266

6 12 2994142 249512 631.442

7 12 3059724 . 254977 656.099

g 12 3060256  25.5021 649,440

9 12 3014678 (251223 641.262

10 12 301.4965 25,1247 637.779
ANOVA
Source of Variation 55 df MS F P-value Ferit
Between Groups 522124 9 0.58014 9.02360E-04 100000  1.966054
Within Groups 707203 110 642,912
Total 70725.5 119

o) F(9.02360E-04) Y1800 F crit (1.966054)

» [ Ld
dutfusin k Y04 homologous series #1143 1NN3 ARSI erIAIe Tt Tavldiivioiya

wratuhifinuuandniuedwiisdigiszdun ey 95%
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L 4 -
e Wil WSoufount & 469 homologous series 1l 1A AT IR s TuiRodu Tauld

ilideddreygadiu Taoldivived s 1nun=i;:1nn= 2088 (n= 10) (@oyaves k1InA1I14.1)

PNLI PNIO PNS PNE BAlIl  BAI0D  BA9 BASR PEII PBIO PBY PBER
34078 15146 7016 3392 RR.N0Z 39245 17268 7950 51.759 21918 8931  398]
34704 15329 758 3397 88265 40046 17.300 7980 S5[.578 22067 8975 3997
35211 15413 7218 3337 BB469 39771 17.134 7911 51393 21585 8864 3925
J4648 15413 7094 3330 BB265 40802 17300 7921 51310 21990 8B68 3940
315352 15459 7224 3313 89.729 39880 17580 7.961 51082 21078 8649 3846
35645 15570 7.249 3320 B9449 194F6 17054 7785 50337 201.221 8641 3848
34704 15329 7058 3386 B0.542 40547 17192 7930 51.530 21601 8855 3931
34632 15297 7.67 3403 RO500 40528 17.323 7970 51434 21781 8912 3971
34967 15370 7017 3281 89.667 39486 17355 7985 51434 21892 8987 1997
34763 15899 7286 3441  BR306 40065 17589 7954 51214 20.727 8907  3.940
Anova: Single Factor
SUMMARY

ﬂ'i"ﬂﬂ Count Sum Average Variance

1 12 298.8877 . 249073 629.724

2 12 3007967 25,0664 633.042

3 12 3002311 25.0193 635.900

4 12 300.9901  25.0825 634485

5 12 301.1532 250961 650.143

6 12 2996055 249671 643,785

7 12 3017054  25.1421 650.235

8 12 3019184 25.1599 648,319

9 12 3014375 - 25.1198 648412

10 12 3010915 25.0910 630.648
ANOVA :

Source of Variation 55 df MS F P-value Fcrit
Between Groups 0.67723 9 0.07525 1.17489E-04 1.00000  1.966054
Within Groups T0451.6 1o 540,469
Total 704523 119

gt F(1.17489E-04) Y{0und F crit (1.966054)

01T k 489 homologous series i IRMINMTAIAT IS iRt Taoliidiredang

- [ ] - a A4 =
ganu lifianwuanmefiuoteinisdagiszAunnudeiu 95%



J. L] - L
ama w12 nfivuifioum k ¥oe homologous series M 1ANINMITAIATIEHmITA U TaolE

L L
tieideyaiu Taohinsdinned s Suiagdrfuay 2 e (1 = 10) Goyaves k ninman

4.1)
PNLI PNIO PNG PNE BALl  BAIOD BAS BAS PBII PB10 PB9 PBS
34078 15046 7.016 3392 BRI02 39245 17.268 7950 51759 21918 R931  398]
34704 15329 7.158 3397 BB265 40046 17300 7980 51578 22067 BOTS 3997
314250 15166 7.026 3244 B9.778 41224 17489 7623 51375 21632 B3IT 3.94)
34814 15103 7.120 3237 89578 41133 17526 7.606 50.74] 21862 B.M5 31963
34793 15199 7040 3373 89447 39290 17089 7672 51220 21212 B537 3760
34744 15177 7.007 3374 89362 39623 17.043 7692  SLIT1 210192 8528 3767
34420 15634 7.237 3486 89543 40382 17528 7876 51848 21223 B924 3957
34.168 15419 7.239 3475 B9.000 40940 17571 7934 51747 21.292 BB6R 3957
34814 15444 7194 3364 BEO7E 40040 17955 7992 51558 21344 RE22 3962
34568 15335 7245 3354 BES78 40673 17955 7940 51506 21.554 BBI3  39M
Anova: Single Factor
SUMMARY

h‘fﬂ"l Count Sum Average Variance

1 12 2988877 — 249073 629.724

2 12 3007967 25.0664 633,042

3 12 30V.1175 250931 656.670

4 12 3014259  25.]188 650.509

5 12 2986313 24.8859 647.865

6 12 2987786  24.8982 647.443

7 12 3020578 7 25.1718 649.307

g 12 301.6094 251341 643.920

9 12 3014678 . 251223 641.262

10 12 3014965 250247 637.779
ANOVA

Source of Variation 55 df MS F P-value Feril

Between Groups 1.31731 0.14637 2.27367E-(4 1.00000  1.966054
Within Groups 70812.7 110 643,752
Total 70814.1 119

aql  F(2.27367E-04) Yiounin F crit (1.966054)

y . - e W w o i
Aaium k Y84 homologous series N 1ANINMITIIATIEHsA 1 Uiy TaoldiviMesar

i liienuuanmatuedidilodWoissunamidoniu 95%
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313 W13 3 oo 7 Y94 homologous series 7 lAnInMsInseimInwluiueiiulae

Wriiledyadui Tavkmsiinseid s afa (n=5) (@oyavos 7 91nMN 4.1)

PNI1  PNID  PN9 PNE  BAlIl BAI0 BA9 BAB  PBIl PBI0O  PB9 PBE

787 700 618 537 BER 802 T16 630 829 135 640 554
787 700 620 537 BBE 804 11 629 829 736 640 555
TE8 701 618 536 B8 805 77 630 830 736 642 555
T89 698 616 535 888 BOS 716 629 830 136 640 554
787 698 618 536 887 803 716 629 828 734 639 553

Anova: Single Factor

SUMMARY
m"ﬂ‘r-i Count Sum  Average  Variance
1 12 843722 703.102 12217.8
2 12 8442.20 703.517 12206.7
3 12 8444.52 703.710 12300.3
4 12 8437.10 703.092 12416.9
5 12 842855 702.379 12255.5
ANOVA 7 :

Source of Variation S&' 84 df MS \F P-value  Ferit
Between Groups 12.569525 4 s.msi 2.55906E-04 1.00000 2.539686
Within Groups 67536782 55 122794
Total 675380 59

oyl F(2.55906E+04) ViBun) F erit (2.539686)
' L -l -
Faluf 7 ¥84 homologous series MIAINMITIATEHH MUl udvadu Taold

o - - W i - - w J [ -'.-
e fypdori hifimwuandefuetwiiodwgiissiuamudoihi 5%
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M3 w14 WSoudioun 7 ¥ea homologous series 91 189InMI3TRs I sAN TuiuTaold

L o i - 5 - - o [ I:
dieigaiuaiu Tamimsdinged shunavdniuay 2 afa (2 = 10) (Feyaves 7 1inmrsn

4.1)

PNIL PNID PNO PNE BAILlL  BAIlD BAY Bag PBII PBIO PBY PBE
T88 703 618 536 887 802 714 628 232 736 635 556
789 705 619 536 £89 804 T4 628 833 736 635 5535
789 103 623 541 E89 807 719 634 B34 741 645 558
791 700 622 536 588 808 718 633 833 742 646 558
187 700 617 316 b1 804 M3 6231 830 736 639 551
789 705 620 539 E8E 807 714 625 828 738 640 553
T92 707 624 540 8ER £07 116 632 8§32 739 641 557
789 707 626 538 889 807 720 634 834 744 643 558
787 700 618 537 BES 802 716 630 829 735 640 554
787 700 620 537 B8E 504 iy 629 829 136 &40 555

Anova: Single Faclor
SUMMARY
ns:ﬂﬁ' Count Sum Average Variance
1 12 B436.182 703.0152 12351.891
2 12 8443.142 703.5952 12471.751
3 12 £483.535 706.9613 12120.728
4 12 B476.663 7063886 12292.071
5 12 B424.895 702.0746 12545848
i 12 B445.799 T03.8166 12336390
7 12 8475286 7062739 12208 584
g 12 8489.624 7074687 12253426
9 12 8437.224 T03.1020 12217.752
10 12 B442.204 703.5170 12206.675
ANOVA
Source of Variation 55 df M5 F Povalug F erit
Berween Groups 404.77 9 4497445 J.65631E-03 1.00000  1.966054
Within Groups 1353056 110 12300.512
Total 1353461 119

aql  F(3.65631E-03) ¥iBun1 F crit (1.966054)

v e - '
#91uM 7 484 homologous series 11 1IAINMTAATIHmIAMTuAUTAsldiiMeTya

-] ' " am L L Ll - L3 l‘ = 4 I.!'
woatu hifinnuuansreiueisitiodfigiszAunimndoriv 95%



n

M3 w15 nffoudoud 7 ¥89 homologous series 1 1AINMINATIEHIITTIUALITU TR0

fvrodeyady Tnol§ivirod s yauazdrynaz 2 a3 (n = 10) @oyaves 191nma1a 4.1)

PNI1  PNIO  PN9 PNE BAll BAI0 BAY BAB PBIl PBI0 PBY PBS
788 700 619 539 890 803 714 631 £33 740 643 556
790 701 618 537 891 805 714 630 833 740 642 554
792 703 621 537 892 805 714 630 833 739 643 555
789 702 620 538 889 807 715 631 831 740 643 556
91 T02 620 535 892 B04 716 630 831 735 639 351
793 704 621 537 892 804 T3 629 830 737 640 553
788 700 618 53 890 805 713 629 831 37 641 553
787 699 618 53 890 804 713 629 830 738 641 554
189 701 617 536 889 802 T4 631 830 739 644 557
788 705 621 541 B8% 504 716 631 830 738 643 556

Anova: Single Factor
SUMMARY /
niah Count  Sum ~ ~  Average Variance
1 12 B455.538 704 6281 12268.226
2 12 8453615 7044679 12518392
3 12 B462.592 7052160 12495.563
4 12 8460961 705.0801 12294938
3 12 8447899 7039916 12632653
] 12 8452558 7043798 12565.115
7 12 B443.598  703.6332 12426.801
8 12 8441.297 7034414 12353.605
9 12 B450.967 7042473 12222.136
10 12 8460270  T05.0225 12025.669
ANOVA
Source of Variation 55 df MS F P-value Fenit
Between Groups 319.226 9 4.35844 1.52046E-04 1.00000 1966054
Within Groups 1361834 1o 12380310
Total 1361873 119

apl  F(3.52046E-04) Yioun i1 F crit (1.966054)

- . o a - . s
Aaiun1 7 983 homologous series i 1&VINMTAATIEHITTuiRIAUTAo 1M TA

yadu hilinnuuanasiustuihiod Woisssunnudei 95%



J o Ll - -
M3 W16 nfvuifount 7 ¥83 homologous series 1 1AvINMITATIEHENIA Ui TAL1Y

- L o - - ." - H'
treianyatiuTanhmsinned stunazdniuay 2 a33 (n = 10) (Foyaves 791nmIn 4.1)

PNII PNID PN9- PNE BAll  BAI0D  BA9 BAR PBI11 PB10 PBY PBR
T88 700 619 539 890 803 Ti4 631 833 740 643 556
T90 701 618 537 891 805 714 630 813 740 642 554
183 696 613 530 BR7 803 m 622 827 734 632 551
785 696 615 530 887 803 712 622 826 735 637 552
784 695 612 533 8BRS (LT 707 621 825 730 633 545
784 695 612 534 885 T98 T08 622 825 31 633 546
788 704 622 544 890 805 716 631 832 736 644 557
786 701 620 542 By 805 715 630 830 735 642 556
787 700 618 537 888 802 Ti6 630 829 735 640 554
187 700 620 531 538 24 7 629 829 736 640 555

Anova: Single Factor
SUMMARY
ﬂ'f'-ll'% Count Sum Average Fariance
1 12 £455.538 704.6281 12268.226
2 12 8453615 - 7044679 12518.392
3 12 8390.861 6992384 12647813
4 12 8399479  699.9566 12524275
5 12 B366.716 697.2264 124592775
6 12 B173499  697.7916 12457.304
7 12 8468027 T05.6689 11999.631
8 12 8451.834 T04.3195 12020.973
9 12 B437.224 7031020 12217.752
10 12 8442204 T03.5170 12206675
ANOVA
Source of Variation &5 df MS F P-value Ferit
Between Groups 1051.85 9 11687252  9.47458E-03  1.00000  1.966054
Within Groups 1356892 110 12335382
Total 1357944 119

ol F(9.47458E-03) Y{0un F crit (1.966054)

' d - L] - L]
A3iuf1 7 Y99 homologous series M IAMINMITTEHmsmeiuiuTaoldiiesan

L} " ar " ) [ J L .
yau Wifianuuandistuetaiiioddgisssunnudetiu 95%
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319 W17 WEsuivumanuduvesaumsiduass 7 i [SDS] uazagud e ldnnududu
¥
Y04 SDS AlA 100 fi4 200 mM) (Yoyavpan1 791n31 4.2b)

AINMWTU AN
BZ6 0.0195 BAS 0.0780
BZ7 -0.0102 BA9 0.0491
BZS8 -0.0338 BAI0 0.0115
BZ9 0.0278 BAIl 0.0221
PN8 0.0387 PBS -0.0065
PN9 0.0084 PBY 0.0502
PN10 0.0482 PB10 0.0046
PN11 0.0087 PBI11 -0.0439

t-Test; Paired Two Sample for Means

ANUFUYOINNSIEUAT I AV [SDS] fgud
Mean | 0.017025 0
Variance 0.001024 0
Observations 16 16
Pearson Correlation #DIV/0!
Hypothesized Mean Difference 0
df 15
t Stat 2.1285
P(T<=t) one-tail 0.025142
t Critical one-tail 1.753051
P(T<=t) two-tail 0.050284
t Critical two-tail 2.1315

a1l rStat(2.1285) Wiound1 ¢ Critical two-tail (2.1315)
aniumanuuvesruMaduase I fu [SDS] uazAgud hilinnuuandiuedial

nodAyNszAUAMToIU 95%
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a1 w18 Whoudous m & ves BZ #ildnnmsidnszuaihnefivazida i

RUUIIALIAY
gangil,'C a1 Ink winmsMnszuaiihagdi #11n k m1nms 1idaInlihnadi
B6 BZ7 BZ8 BZ9 BZ6 BZ7 BZS8 BZ9
15 1.851 2893 3819 4749 | 1.864 2934 3852 4813
20 1.838 2.868 3.768 4.723 1.847 2.877 3.789 4,756
25 1.831 2844 3760  4.659 | 1.814 2861 3740  4.635
30 1786 2800 3703 4609 | 1785 2776  3.699  4.567
35 1.782 2.755 3.634 4.550 1.745 2.722 3.590 4.519
40 1.737 2.696 3.557 4.446 1.712 2.666 3.535 4.434
Anova: Single Factor
SUMMARY
Count Sum Average Variance
finkvnmsidnssnadifhneil 24 77.65936 32358068 1.14821
1 1n k vinma 14ihae vt 24 77.53111 3.2304627 1.157626
ANOVA
Source of Variation 5§ df MS F P-value F erit
Between Groups 0.000343 1 0.0003427  0.000297 0.986319 4.051742
Within Groups 53.03423 46 1.152918
Total 53.03457 47

a1l F(0.000297) HOUNI1 F erir (4051742)

A - - w ot -
gafudt In & vos Bz fldnnmsldnszualvihasiuazidaliihneiifigungi

e Al - Ll W & H o J‘ 4
i@oanu il nuuapanuadhisdanMssAuAIIIYOIY 95%
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75

= 0 o = ' J oy L]
M W19 nisuioumnnuduvesaumsiduasa 7 i T uazigud (ileldqumgiidud 15

14 40 °C) (Yoyaveosr 191031 4.50)

AINWTU ANTU

BZ6 -0.0471 BASR 0.1577
BZ7 -0.0555 BA9 0.0465
BZR8 0.2600 BAI10O 0.1107
BZ9 0.1516 BAll 0.0339
PNE -0.0123 PB8 -0.2947
PN9 0.1017 PB9 -0.2113
PN10 -0.0573 PB10 -0.1456
PN11 0.0842 PB11] -0.2526

t-Test: Paired Two Sample for Means

AT uAT T 70 T Agud

Mean -0.008131 0
Variance 0.0248418 0
Observations 16 16
Pearson Correlation #DIV/0!
Hypothesized Mean Difference 0
dfr 15
t Stat -0.2064
P(T<=t) one-tail 0.4196423
t Critical one-tail 1.753051
P(T<=t) two-tail 0.8392846
t Critical two-tail 2.1315

w31l 7 Stat (-0.2064) Yiouni ¢ Critical two-tail (2.1315)

auiusnnuduvesmumsiduasy 7 A T uazmigud lifinuuandaiuedadl

L L] L -4 L A l‘-l
Ve hszAuAEeY 95%
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514 120 Wivuifoumnasuvesaunisiduass 7 fudndIth uazagud ilelddndInih
16 -10 D14 20 kV) (Yoyauoan1 791031 4.8b)

AT AN T
6 -0.0799 BAS -0.0870
T 0.0330 BA9Y -0.0432
B 0.1927 BAI10O -0.3232
9 -0.1318 BAIll -0.0950
8 0.0242 PBS -0.7715
9 0.1227 PBY% -0.6790
1no 0.1741 FB10 -0.8215
Il 0.2841 PB11 -0.9237
t-Test: Paired Two Sample for Means
AU ANMITIdUATS 1 fufng Trdh Agud
xan -0.19531 0
riance 0.15237 0
)servations 16 16
arson Correlation #DIV/0!
rpothesized Mean Difference 0
15
itat -2.0014
T<=t) one-tail 0.031888
'ritical one-tail 1.753051
T<=t) two-tail ' 0.063776
“ritical two-tail 21315

i/ ¢Stat (-2.0014) Vi0uNd1 ¢ Critical two-tail (2.1315)
> e ¥ L L]
guiumanuuvssaumsidunss 1 fudndIiih uazagud hifinnunandsiuedig

w P A e
HudAgNszauANUToIU 95%
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= 1 d o
1319 W21 nfSouiieun log K, 484 homologous series N lAvnmisvinuelu Meekc Tavld

nsapufiouves log K,, M log k 1ag log K,, M I (Yoyaveast 79ng1 4.2b)

N log K,

fivnne fvimany

VNfMlogk 9IRS
PNS 1.72 1.72
PN9 2.13 2,13
PMNI10 2.56 2.56
PNI1 3.02 3.02
BAS 2.19 2.18
BA9 2.62 2.62

fl log K,

s e
NI N

vnAllogk  InATJ

BAI10
BAIll
PBE
PB9
PB10

PBI1

311
3.56
1.78
2.24
2,75
322

3.1
3.56
L78
2,24
275
322

-Test: Paired Two Sample for Means

Mean

Variance

Observations

Pearson Correlation
Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail

P(T<=t) two-tail

t Critical two-tail

i - - ¥
A1 log K, MN09INAT log k

2.57500
0.33863
12
0.99999
0
11
1.00000
0.16940
1.79588
0.33880
2.20099

) ld & .
A1 log K, NMI1UW0INAT 1

257417

0.33934
12

a1l £Stat (1.00000) 1i00NI1 ¢ Critical two-tail (2.20099)

& "
Aa1iun log K, 992 homologous series 1 1annmssinnelu MEEKC Tavldnswlaou

L . l‘ i ar o = L d o
Movves log K, MU log k uaz log K AU [ 11]ﬂ'ﬂTIE.ILI.'FIﬂﬂHﬂuﬂﬂ1ﬂlluﬂﬁ1ﬁfﬁ'ﬂ‘5=ﬁﬂﬂ1“l

A4 o
1WoUU 95%
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Aae #22 1WSoumoun log K Y93 homologous series ﬁ'lﬁmnmiﬁmm'iu MEEKC Tauld

nsareUIREYDY log K,, M log k azn1381984 (Toynae1nm131e 4.6)

1 log K,

vneninmilogk  91AM301984

PME 1.72 1.58
PN9 2,13 2.20
PN10 2.56 2.66
PNI1 3.02 il
BAS 219 212
BA9 2.62 2.64
PBS 1.78 1.96

-Test: Paired Two Sample for Means

fllog K, AMwieenftloghk  A1log K, 97001301984

Mean 2.28857 2.32429
Variance 0.22255 0.26226
Observations 7 T
Pearson Correlation 0.97875
Hypothesized Mean Difference 0
df 6
t Stat -0.86637
P(T<=t) one-tail 0.20979
t Critical one-tail 1.94318
P(T<=t) two-tail 0.41958
t Critical two-tail 244691

w71 ¢Stat (-0.86637) 1ioun ¢ Critical two-tail (2.44691)
AN log K,, 99 homologous series 1 1AvInmsvinnelu MEEKC Tavldnsmaou
e Ty L] ¥ - i = s .d.‘ ar J ‘."
1TU4 log K, Yl log k nazmso1da hilinnuuananiueiniisingnszauninndeny

95%
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313 123 nfSouioua log K, 499 homologous series M lAvINMITiely MEEKC Tay1d

nimlaouiouved log K, (1 7uazmsdnaba (Goyaninasia 4.6)

i1 log K,
fiimnonn 7 1InMIdade

PNE 1.72 1.58

PN9 2.13 2.20

PN10 2.56 2.66

PN11 3.02 311

BASR 2.18 2.12

BA9Y 262 2.64

PBE 1.78 1.96

t-Test: Paired Two Sample for Means
flog K, Wimaoninmilogk M log K, 91001501904

Mean 228714 232429
Wariance 0.22289 0.26226
Observations 7 7
Pearson Correlation 0.97941

Hypothesized Mean Difference 0

df 6

t Stat -0.91411

P(T<=t) one-tail 0.19795

t Critical one-tail 1.94318

P(T<=t) two-tail 0.39591

t Critical two-tail 2.4469]

wj1l  £Stat (-0.91411) Vi0uni1 ¢ Critical two-tail (2.44691)

¥ "
AATUAN log K, Y94 homologous series 1 1A9nMsieTu MEEKC Taoldnswlaou

Wouved log K, U 7 uazmsondshilianuuanduiuedninisdngnszaunnuyon

95%
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A9 W24 1S ouifoum log k Y93 homologous series 1y MEEKC i l@9nmsnansauaziiiig

loldnmududuvos sps 130 mM (Foyaningyl 4.12a)

1 log k 1 log k
VINMINADDT  DINMTNIMIY VINNIINADDY  INMTRINY

BZ6 0.63 0.66 BAS 0.75 0.74

BZ7 1.06 1.07 BA9 1.09 1.09

BZ8& 1.44 1.47 BA10 1.46 1.44

BZ9 1.87 1.88 BA1l 1.79 1.79

PN8 0.4 0.36 PBS 0.41 0.46

PN9 0.75 0.71 PBY 0.78 0.84

PN10 1.09 1.05 PB10 1.19 1.21

PN11 1.45 1.40 PBI11 1.57 1.59

t-Test: Paired Two Sample for Means
M log & 1INNMTNAADY i1 log k 910MTN ML

Mean 1.10813 1.11000
Wariance 0.21339 0.21208
Observations 16 16
Pearson Correlation 0.99740

Hypothesized Mean Difference 0

df 15

t Stat -0.22515

P(T<=t) one-tail 0.41245

t Critical one-tail 1.75305

P{T<=1) two-tail 0.82490

t Critical two-tail 2.13145

w3t rStat (-0.22515) eund ¢ Critical two-tail (2.13145)

~ o . - 8 A ‘E
A91IUAT log k YD homologous series 14 MEEKC #i ldninnisnaanauazyinnw el

i L] ar ¥ o L] L3 'J ot 4 :’
aududuves sps 130 mMhifinuandeiuetiifoddgiissdunnudediu 05%
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: o F
A1919 25 WTouioun log k Y99 homologous series 14 MEEKC 11 1A91nmisnaasauazyinng

diol¥nmududues sps 190 mM (feyaningll 4.120)

i log k
INNTNADDY INNITNIUY NMINATDL  VINMITNIUI

BZ6 0.79 0.81 BAER 0.92 0.89

BZ7 1.22 1.22 BA9 1.25 1.25

BZ8 1.60 1.62 BA10 1.62 1.60

BZ9 2.01 2.02 BAll 1.94 1.95

PN8 0.50 0.52 PB8 0.55 0.51

PN9 0.83 0.86 PB9 0.93 0.88

PN10 1.18 1.2} PB10 132 1.26

PN11 1.53 1.55 PBI11 1.67 1.64

=Test: Paired Two Sample for Means
1 log & INMINAADY 1 log & 91NTMMY

Mean 1.24125 1.23688
Variance 0.21528 0.21846
Observations 16 16
Pearson Correlation (.99800

Hypothesized Mean Difference 0

df 15

t Stat 0.59006

P(T<=t) one-tail 0.28197

t Critical one-tail 1.75305

P(T<=t) two-tail 0.56393

t Critical two-tail 2.13145

a1l ¢ Stat (0.59006)1106n 31 ¢ Critical two-tail (2.13145)

¥ [l
w4 . a 5 A
AIUUAT log £ Y03 homologous series Tu MEEKC # ldnnmisnaanuazyie ield

anuiduduves sps 190 mMhifinnwandiuedeihivdmgiszdunnudeliu 95%
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1._. Introduction

767
Research Article

Retention factor and retention index of
homologous series compounds in
microemulsion electrokinetic
chromatography employing suppressed
electroosmosis

The retention factor (k) and retention index (I} of homologous series compounds such as
alkylbenzenes (BZ), alkylaryl ketones, alkylbenzoates, and alkylparabens in microemulsion
electrokinetic chromatography (MEEKC) with suppressed electroosmosis were investigated
inawide range of SDS concentrations ([SDS]). temperatures, and concentrations of organic
cosolvents (). Using BZ as standards, the retention indices of other homologous series
compounds were determined and they were found to be independent of [SDS] and tem-
peratuse, while are dependent on the types and concentrations of organic cosolvents. The
retention fctor linearly inereases with increasing [SDS), while linearly decreases with
increasing temperature. The value of log k linearly decreases with increasing ¢ for metha-
nol, ethanol, or ACN, while decreases by a second-degree polynomial with increasing o for
Z-propanpl, Excellent agreement was found between the observed and predicted values of
log k of analytes in MEEKC at given [SDS] and ¢, where the predicted values were obtained
from modified equations of the linear relationship of log k as functions of [SD5], the num-
ber of carbons, and . Therefore, both k and I can be used for peak identification of ho-
malogous series compounds.

Keywords:
Microamulsion electrokinetic chromatography / Octanol-water distribution con-
stant f Organic cosolvent / Retention factor / Retention index

DOl 10.1002/elps. 200600275

phase in MEKC. The separation of MEEKC is based on the
difference in partitioning of analytes between the charged oil

Microemulsion electrokinetic chromatography (MEEKC),
first introduced by Watarai (1), is one of the modes in CE in
which the buffer used is @ microemulsion containing oil
droplets, such as octane, dispersed in an aqueous buffer in
the presence of surfactant, such as DS, as emulsifier. The
interfacial tension-is further lowered by the addition of a
short chain alcohal, such as 1-butanol, resulting in the sta-
bility of the microemulsion system and optical transparency
|2-4]. The oil droplets surrounding the surfactantand cosur-
factant serve as a pseudostationiary phase, similar tomicellar

Correspondence: Dr, Thumnoon Mhujak, Chromatography and
Separation Research Group, Department of Chemistry, Faculty
of Science, Chulalongkorn University, Bangkok 10330, Thailand
E-mail: thumnoon.ni@chula.ac.th

Fax: +66-2-2187588

Abbreviations: BA, alkylbenzoates; BZ, alkylbenzenes; MEEKC,

microemulsion alectrokinetic chromatography; DDCV, dodecoxy-
carbonylvaline; PB, alkylparabens; PN, alkylaryl ketones

& 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinhaim
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phase and the aqueous phase. Hydrophobic compounds
favor partitioning into the oil droplet rather than into the
buffer phase, and therefore, they have stronger retention in
the oil droplet than do hydrophilic compounds. MEEKC can
be used as a method for separation of charged and neutral
analytes covering a wide range of water soluble and inseluble
compounds [2-5].

Retention factor or capacity factor (k) is one of the char
acteristics that indicates-tetention behavior of analytes in
chromatographyand EKC such as MEEKC and MEKC. In
MEEKC and MEKC, the retention factor is defined as the
ratio of total moles of analyte in the pseudostationary phase
versus those in the aqueous phase [2]. The higher the reten-
tion factor, the stronger the retention or the partitioning of
analytes in the pseudostationary phase. An increase in the
concentration of surfactant [4, 6-10] results in an increase
in k in MEEKC, while a decrease in k is affected by an
increase in temperature [6, 7, 10], Joule heating caused by
high voltage [6, 9], and the concentration of organic cosol-
vent [6, 7, 10, 11]. Types of surfactant [4], cosurfactant [4),

www.electrophoresis-journal.com
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and organic cosolvent [4, 6, 8] also influence a change in k
The relationship between log k of analytes in MEEKC and
log K., was found to give a linear equation, where log K. is
the octanol-water distribution constant of the analyte [11,
12}, Using standards with known log K. log K, of the
analyte may be determined using log k of the analyte
obtained from MEEKC. Most of the previous MEEKC work
mentioned above was carried out using high EOF [4, 5, 8
12], except for our previous work invelving MEEKC with
suppressed EOF [6-7].

Retention index (I) is another characteristic used for
describing retention behavior, where [ is the number,
obtained by interpelation (usually logarithmic), relating the
adjusted retention time or the retention factor of the analyte
to the adjusted retention times of two standards eluted
before and after the analyte [13]. In MEKC with EOF and
using homologous series of alkylbenzenes (BZ) or alkyl-
arylketones as retention index standards, the retention
indices of analytes were obtained o be independent of the
surfactant concentration, whereas slightly dependent on the
temperature [13]. However in MEKC with addition of
organic solvents in the buffer, some variations (RSD <3%)
of retention index were found at different SDS concentra-
tions [14]. The retention index can be used for identification
of neutral analytes [13]. In addition, a good linear relation-
ship between | and log K, was obtained [13]. Using the
different surfactants as micellar phase in MEKC, the Al
values, obtained from different micellar systems, can be
used to elucidate the functional group selectivity of these
specific micellar systems and to classify pseudostationary
phases in MEKC [13]. Up-to-date, factors affecting the
retention index of analytes in MEEKC have fiot been reported
previously.

In MEEKC with high EOF and anionic surfactant, as
shown in Fig. la, the neutral analyte, such as homologous
geries compounds of BZ, with higher hydrophobicity or
greater number of carbons (z) has greater retention factor
or favors partiioning into the pseudostationary phase,
resulting in higher electrophoretic mobility along the
direction toward the anode. Due to the electroosmotic mo-
bility higher than the electrophoretic mobility of charged
oil droplets and dnalytes; all the species migrate toward the
cathode. Therefore, the migration times of species in
Fig. 1a are in order an EOF marker < the analyte with
smaller k < the analyte with higher k < a microemulsion
marker: In contrast to MEEKC without EOF and reversed
polarity as shown in Fig. 1b, all species migrate only due to
electrophoretic mobility, and therefore, a reversal of
migration time order is observed, On the other hand, the
greater the retention factor, the slower the migration time
of analytes in MEEKC with high EOF, but the faster the
migration time of analytes in MEEKC without EOF. In
order to obtain short analysis time, MEEKC with high EOF
is suitable for hydrophilic analytes with small k |2, 4], while
MEEKC without EOF is suitable for hydrophobic analytes
with high k (3, 6, 7, 15).

& 2007 WILEY-V'CH Vierlag GmbH & Co. KGaA, Weinheim
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Figura 1. Electropherograms of neutral compounds in MEEKC
using anlonic surfactant and employing [(al with high EQF and
normal polarity of applied voltage, and (b) without EOF and
reversed polarity of applied voltage. f.. ... and f, are the
migration times of an EOF marker, the charged oil droplet. and
the analytes, respectively. z, 7 + 1 and z + 2 refer to the number
of carbon atoms.

The aim of this work is to investigate the retention behaviors,
such as retention factor and retention index, of homalogous
series of hydrophobic neutral compounds in MEEKC with
suppressed EOF using an acidic buffer. The following param-
eters affecting these retention scales were determined: the
5DS concentration, temperature, and types and concentra-
tions of organic cosolvents, The equations were developed for
prediction of retention factor of homologous series com-
pounds in a wide range of the concentrations of SDS and
organic cosolvents, and the observed values were compared
with prediction.

Homologous series of BZ were chosen as standards be-
cause they are widely used as standards for studying reten-
tion-factor and log K. in MEKC and MEEKC. In addition,
BZ were found to be suitable retention index standards, in
comparison with alkylaryl ketones (PN), in MEKC with
anionic surfactant SBS [13]. Other homelogous compounds,
such as PN, allylbenzoates (BA), and alkylparabens (PB),
were used as test analytes in order to predict their retention
factors using our modified equations with known z.

2 Materials and methods
2.1 Chamicals

Homologous series of BZ and BA were purchased from
Fluka (Buchs, Switzerland): benzene (BZ6), methylbenzene
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(BZ7). ethylbenzene (BZ8), propylbenzene (BZ9), methyl-
benzoate (BAS), ethylbenzoate (BA9), propylbenzoate
(BA10), and butylbenzoate {BA11). PN and PB were pur-
chased from Sigma-Aldrich (Steinheim, Germany): acet-
ophenone (PMB), propiophenone (PN9), butyrophenone
(PN10), valerophenone (PN11), methylparaben [PBS), ethyl-
paraben (PBY), propylparaben (PB10), butylparaben (PB11).
n-Octane, 1-butanol, and sodium hydroxide were obtained
from Fluka. SDS from Sigma (MO, USA), phesphoric acid
and all organic solvents from Merck (Darmstadt, Germany),
and dodecylbenzene/microemulsion marker (M) from
Sigma-Aldrich.

2.2 Preparation of buffers and analytes
2.2.1 Preparation of microemulsion buffers

The microemulsion buffer wasprepared by pipeting the ap-
propriate amounts of steck aqueous selutions of 500 mM
SD5 and 500 mM phosphaie bufler at pH 2.5 into a 10 mL
volumetric flask, followed by adﬁln;appnﬂpnatewlmw of
1-butanol and n-octane. The final solutiotr was made up to
10 mL with Milli-Q water In the case of preparation of the
microemulsion buffer mntauﬁng arpanic cosolvent, such as
methanol, ethanol, ACN, ar 2-pmpmﬁ:-l the appropriate vol-
ume of organic cosolvenywas added before addition of Milli-
Q@ water. All the microemulsion buffers were sonjcated for
30 miin to obtain a clear and highly stable microemulsion.

The microemulsion buffers were filtersd ihmugh.gﬁ& pm
PTFE membrane filters prior I.oMEEE.C analysis, =

2.2.2 Preparation of analytes

Each homologous series of BZ, PN, BA, and PB as ana-
Iytes, and dodecylbenzene as a microemulsion marker (M}
were separately dissolved at a concentration of 10.0 mM in
ethanol. The mixture_of each homologous series at the
concentration of 0.2 mM each was obtained by diluting
100mM of cach geries of homologous and dode-
cylbenzene, and then diluting the mixture with micro-
emulsion containing 150 mMS$BS, 890mM 1-butanol, and
1.0% vjv n-octinedtshould) be doted Aiat the mixnire)of
each homologous series was separately prepared fo avoid
overlapping or comigration of some analytes, leading fo
difficulty of identification of analytes and detérmination of
migration ‘thmes. Al the sample solations were diliered
through 045 pra PTFE ‘membrane filters prior.ta MEEKC
analysis.

2.3 CE conditions

All the CE separations were performed using a Beckman
Coulter MDQ-CE system equipped with a photo-DAD scan-
ning from 190 1o 300 nm and monitoring at 214 nm. An
uncoated fused-silica capillary used was 40.2 em in length
(30 em e the detector) = 50 pm id, thermostated at 25°C,

@ 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Voltage was set at —15 kV. A sample solution was introduced
by 0.5 psi pressure injection for 3s. Each experiment was
carried out in duplicate, unless otherwise stated. Prior 1o
MEEKC analysis each day, the capillary was rinsed with
ethanol, 0.1 M NaOH, water, and the microemulsion buffer
for 15 min each. Between consecutive runs, the capillary was
rinsed with water, ethanol, 0.1 M NaOH, and water for 1 min
each and then with microemulsion buffer for 2 min. Afier
analysis, each day, the capillary was rinsed with water and
ethanol for 5 min each, and then 0.1 M NaOH and water for
10 min each.

2 Results and discussion

3.1 Principle of retention factor and retention index in
MEEKC without EOF

As described in our previous work [7), the retention factor (k)
of the neutral analyte in MEEKC without EOF can be calcu-
lated from electropherograms using the equation

bne
W .
where [, and i, are the migration times of the microemul-
sion marker and analyte, respectively. The retention index of
the analyte can be calculated by the logarithmic interpolation
between the two neighboring standards of homelogous se-
ries, according to the equation [13]

N log ka — log k.
I =100z + !.00103—“'—“ = I'Dg I (2)

where &, and k, . ; are the retention factors of the homolo-
gous with the number of carbon atoms z and z + 1, respec-

“tively, and k, is the retention factor of the analyte. From

Fig- 16 and Egs. (1) and (2), the retention index can be
expressed as a function of the migration time

=m+lm"’ﬂ(m) o8 )

8 '1+|— )_lg(h "mr)

According o the Martin's equation [13], the retention indices
of homologous series compounds increase with an increase
in the number of methylene groups, giving a linear equation
between log k and-z [13]

{3

logk=az+b (4}

where a and b are the slope and the intercept, respectively. It
follows from Eqgs. (2) and (4) that the retention index may be
caleulated by interpolation and, for the analyte with higher k
than the first homologue, by extrapolation of the equation [13]

100{leg k - B)
a

{3
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3.2 Determination of retention factor and retention
index of homologous series compounds

3.2.1 Precisionin kand /|

Intra- and interday precisions in k and 1 of homologous se-
ries were compared using one batch and batch-to-batch of
the MEEKC buffer containing a 50 mM phosphate buffer at
pH 25, 180 mM SDS, 1.0% v/v noctane, and 890 mM
1-butanol. An example of electropherograms is shown in
Fig. 2. Dodecylbenzene (M), a highly hydrophobic com-
pound, spiked into a sample solution is used as a marker for
tme [6]. In comparison with the electrophoretic mobility ofthe
analyte, negligible electroosmotic mability was obtained in
this work, measured by short-end injection using thiourea
[6].

The values of k and [ of standard (BZ series) and test
analytes (PN, BA, and PB series) as shown in Table 1 were
determined from electropherograms using Eqs. (1) for k and
(5) for I. The quality of k and 1 for BZ standard is first con-
sidered. The slope (a) and the intercept (b} of the equation
log k = az + b for a homologous series of BZ were also
found to be fairly constant for ane batch and batch-to-batch
of intra- and interday runs, and a nonsignificant difference
was obtained using paired itest analysis at 95% confidence
interval of the mean, indicating high precision in k of BZ
standards used. Using the i-test comparing the caleulated
and nominal values of I for BZ, nonsignificant difference
was obtained between one barch and batch-to-batch of intra-
and interday runs, where the neminal valiies are 600, 700,

Electrophoresis 2007, 28, T67-778

800, and 900 for BZ6, BZ7, BZ8, and BZ9, respectively. This
indicates a high accuracy and precision in [ of BZ standards
used.

The quality of k and [ for test analytes is now considered.
In most of the cases, a slight difference in RSD was obtained
between one batch and batch-to-batch intraday precisions in
k and [ of test analytes, while higher RSD values of k and [ for
interday than those for intraday were found. Slightly poorer
precision for interday than intraday is probably due to varia-
tion in chemical properties of capillary wall surface each day,
resulting in a change in suppressed EOF and the calculated
retention factor [6]. However, using paired t-test analysis at
95% confidence interval of the mean, nonsignificant differ-
ence is found for k and T obtained from intra- and interday or
one batch and batch-to-batch. Precision in k and [ in this
work was found to be in a similar range, while significantly
waorse precision in k than I of analytes in MEEKC with high
EOF was found in previous work [16]. This is probably be-
cause, in comparison with octane used as oil in this work,
heptane used as oil in the previous work can vaporize more
easily [16] and give poorer stability of the microemulsion [17].

3.22 Effect of SDS concentration

To investigate the influence of SDS concentration {[SDS]) on
k and [ of analytes in MEEKC with suppressed EOF, experi-
menits were carried out by varying [SDS] in a range of 100 1o
200 mM. At SDS below 100 mM, bread peaks and poor pre-
cision in the migration time were obtained possibly due to
low stability of the microemulsion [6].

M
(n)
|BZ9
|} BZE RIS,
W BET
e ———— _f-—'—'-"'-"*-—u..»-...r""
PN1I
M PNI0 PN®
|I 1 -‘
dide ke N
I & 2 b8 MA0YQ | S
M
(c) BAlL Figure 2. An example of elec-
"l SAle tropherograms for homologous
1” & series; {a) BZ, (b} PN. (c) BA, and
——— 8 by / {d) PB in MEEKC using 180 mM
-~ L““*‘*v—-f«u— 505 in a 50 mM phosphate buf-
PEIL ] PBs fer [pH 2.5} containing 1.0% wiv
() H|| rai0 157 il m-octane, and BI0mM 1-buta-
'- ( ; I e nol. CE conditions: uncoated
ﬂ___w,__.___.l' "FU\—JL—J Lo fused-silica capillary, 50um
- id = 40.2 cm (30 cm to the detec-
T — T Y T - : + tor], temperature 25°C, voltage
3 4 5 7 -15kV, 0.5 psi pressure injec-
A o , tion for 3 5, and UV detection at
Migration time (min) 214 nn.,

€ 2007 WILEY-VCH Verlag GmbH & Co. KGas, Weinheim
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Table 1. Intra- and interday precision of k and /of homologous series in MEEKC using 180 mM S0S and other conditions as shown in Fig. 2

RSD (36) and mean of k

RSD (%) and mean of |

One batch Batch-to-batch One batch Batch-to-batch
Intraday® Intarday™ Intraday™ Interday™ Intraday® Interday™ Intraday® Interday®
BZ6 0.5 {6.05) 2.015.84) 0.8 {6.04) 1.6 {6.02] 0.1 {600} 0.1 (599} 0.1 (601} 0.3 (559)
BZ7 0.5 {15.66] 1.3(15.59) 1.5(15.32) 341591 0.1 {702} 0.2 (703} 0.2 (701} 0.2 {703)
BZE8 0.9 {38.42) 1.6 (38.04) 1.7 (37.20) 3.8(38.78] 0.1 {798} 0.2 {7598} 2.1 (797} 0.2 (798)
BZ9 0.8(100.08) 0.9 (99.05) 1.0 (99.07) 1.0 (99.90) 0.1 (301} 0.1 {300} 0.1 (902) 0.2 1900}
PNE 0.2 (3.35) 1.6 (3.30] 1.5 (3.36) 2.4 (3.37) 0.1 (536} 0.3 (538} 0.3(537) 0.8 1538)
PNg 0.8 (7.18) 1.9(7.19) 1.1(7.18} 1.3(7.14) 0.2 (618} 0.5(621) 0.2{619) 0.6 (617}
PNI0 091531 2.4 (15.58) 1.3 (15.42) 1.1 (15.29) 0.2 (699) 0.4 (703) 0.2 (702) 0.4 {699}
PN11 0.7 (34.79) 1.4 (34.84} 1.3 (34.87) 0.8 [34.54) 0.1 (787} 0.2 (789) 0.2 (790} 0.3 (788)
BAS 0.3(7.97) 29(7.82) 0.7 {7.93) 2.0(7.83) 0.1 (629) 0.6 (630) 0.1(630) 0.7 (627)
BAg 0.2 {17.93) 2.0 (17.61) 1.0117.31} 1.7(17.48) 0.1 (718) 0.3 (716) 0.1(714) 0.5 (713}
BA10 0.8 (40.58) 1.5 (40.68) 1.3(39.99) 1.8 {40.26) 0.1 (804) 0.2 (BO5) 0.2 (804) 0.4 (803}
BA11 0.3 (88.55) 0.5/(88.61) 0.8488.93) 0.7 (89.06) 0.1 (888) 0.1 (888} 0.2 (890) 0.2 (888}
PBE 0.5(3.97) 1.5 {3.90) 1.4 (3.94) 2.2 (3.83) 0.1 {554} 0.4 (556] 0.3 [555] 0.8 {553}
PB9 0.6 (8,85} 2.714B.67] 1.4 {5.886] 2.31(8.75) 0.1 (640} 0.5 (641) 0.2 (642) 0.7 (633}
PB1D 0.5 [21.46) 2.3{21.70) 156 (21.69] 1.5 (21.53] 0.1 (736} 0.4 [738) 0.2 (738) 0.4 (735}
PB11 0.4 (51.42) 1.7{52.08) 0.8151.31) 0.7 (51.45) 0.1 (829} 0.3 (832} 0.1 1831 0.4 (829)

The values of mean are in parentheses, Homologous series of BZ [BZ6, BZ7, BZB, and BZ9) were used as retention index standards.
al =5 runs.

bl Five days and each day for tworuns (n = 10 runs).
ol Five batches and each batch lhﬂwq runs {n = 10 runsh

From Fig. 3a, the linear relationship between k and [SDS)
was obtained, with high values of the .coefficient of linear
regression (7)>0.99, except for BZ8, BZ9, BA11, and PES
with r* ~ 0.98. In MEKC [13, 18], k linearly increases with
[SDS| as the equation k = Ki = K#([SDS] = CMC), where K
is the distribution constant of the analyle between the
micellar phase and aquéous phase, ¢ is the phase ratio of the
volume of micellar phase to agueous phase, and s the par-
tial molar volume of the micelles. However, this equation has
not proven to be valid for MEEKC since the values of ¥ and
CMC are difficult to determine. The values # and CMC ofin
MEEKC may be assumed 1o be equal to those in MEKC with
the same concentration of [SDS] and 1-butancl [16]. How-
ever, the relationship between k and {SDS] also seemed to be
linear in previouswork'on MEEKC [6,8-9]

At the equal z, the retention factors were found to be in
the order BZ=>BA=PB=>PN, indicating the hydrophobicity
for BZ>BEA>PB>PN. From Table 2, the excellent linear
relationiship between log k and zwas obtained for each series
at a given [SDS] in 2 fange of 100-200 mM, with  >0.999,
which is consistent with the Martin's equation in Eq. [4).
Over a wide range of [SDS], the values of slope, a, for each
homologous series were found to be insignificantly different,
with RSD <1.5%. This indicates that [SD5] does not affecta
change in methylene selectivity, tteys, of two adjacent com-
pound of homelogous series, where log oy, = o [19). For
analytes with equal z, the values of log ooy, obtained are in
order BZ>FPB>BA=>PN. A decrease in opy; is possibly due
to the hydrophilic functional group of analytes, Using the

@ 2007 WILEY-VICH Verlag GmbH & Co. KGa#h, Wainheim

average value of the slope (&) obtained from a plot of log k
versus z, the value of the adjusted intercept () is seen to
increase linearly with an increase in [SDS] as given in Table
2. In previous work on MEKC with high EOF |13]. the slope
of the equation log k = az + b for homologous series of BZ
was also found to be fairly constant, whereas the intercept
increased with an increase in [SDS), which is consistent with
this work.

Usifig BZ as standards and Eq. (5) with the values of a
and b in Table 2, the caleulated values (symbel) of I for ana-
Iytes as a function of [SDS] in a range of 100-200 mM are
shown in Fig. 3b. The calculated values of [ for BZ were
found to be in excellent agreement with the nominal values,
with |AI|<0.7%. Using t-test comparing the observed slope
of the linear-fit with zero for each analyte, nonsignificant
difference was obtained, indicating that [ for analytes in
Fig. 3b are independent of [SDS]. Therefore, the average
values I (solid line) for ‘each analyte over a wide range of
{DS] from, 100t 200-mM are shown in Fig. 3b, with RSD
<0.5%, ln-previous work-on MEKC with high EOF, the
independetice of [SDS] fram [ in neutral analytes was also
reported [13].

3.2.3 Effect of temperature
The influence of temperatures, 15-40°C (298-313 K), on k
and [ in MEEKC was investigated using the microemulsion

buffer as given in Fig. 2. At each temperature, the constant
current of 95 pA was used to exclude the difference in Joule

www.electrophoresis-journal.com
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Figure 3. Retention factor {a) and retention index (b] of analytes as a function of 505 concentration. Conditions as shown in Fig. 2. Sym-
bols =, & , &, and [ refer to the observed values for homologous saries of BZ, PN, BA, and PB, respectively. Lines for k are linear fits, and

lines for | are the average value obtained from 10010 200 MM SDS,

heating [13], with a power < 1.5 W at the temperature above
25°C. As seen in Fig. 4a, k linearly decreases with increasing
temperature, with ©* > 0.96. An ingrease in separation tem-
perature results in a decrease in k due to an increase in the
solubility of insoluble campounds in the organic-water phase
[4]. According to the van't HofF equation [13), In Kand In-k,
where k = Ké, are proportional to 1/T

—AH" A
n K=Owi X x| ©)
-AH? AS®

where AH® and AS? are the standard enthalpy and standard
entropy, respectively, and R is the gas constant. The phase
ratio in MEEKC is difficult to determine as previously men-
tioned. In previous work on MEEEC with high EOF using

B 2007 WILEY-VICH Verag GmbH & Co. KGaA, Weinheim

dodecoxycarbonylvaling (DDCV) as surfactant, ethyl acetate
as oil and 1-butanol as cosurfactant, a linear increase in K
was found with an increase in 1T at 1% DDCV, while a
nonlinear relationship was obtained at 4% DDCV [19]. Since
4% DDCV gave a higher concentration of surfactant to phase
ratio, a temperature change had a2 much more dramatic
effect with respect to either the phase ratio or the respective
microemulsion conformation [19]. The linear relationship
between the plot of Inkwersus 1/Tin Fig. 4b may bedue to a
slight or no change in the phase ratio in MEEKC used in this
work. The similar result was found in our previous work also
on curcuminoids [6] and avermectins [7].

The In k values of BZ in MEEKC in the temperature
range of 15-40°C were also determined using constant power
of 1.5 W. Abave 25°C, results showed that the constant power
of 1.5 W gave In k slightly higher than did the constant cur-
rent of 95 pA, with |Ak|<<1.5%, while below 25°C, the slightly

www.alectrophoresis-journal.com
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Table 2. Linear refationship between log k and z of homologous series compounds in MEEKC

1SDS) log k= BZ PN BA PB
{mM] ar+ b
100 a 0.405 0.345 0.350 0.381
b —-1.847 -2.491 -2.151 -2.728
o 0.9994 0.9989 0.9995 0.9995
u ~1.843 —-2.488 -2,164 ~2.686
120 a 0.402 0.344 0.353 0.375
b —1.768 -2.406 -2.112 —-2.604
[ 0.9993 099593 0.9937 0.9996
[ —-1.784 —2.420 —2.092 -2.626
140 a 0.396 0.344 0.354 0.372
b —-1.664 -2.352 ~2.059 -2527
7 0.9987 0.9%96 0.9998 0.9997
o -1.726 =2 361 —2.028 —2.575
160 a 0.399 0.343 0.346 0.373
b —1.642 " =2.392 —1.935 —-2.482
e 0.9994 09334 0.9996 0.9996
2] -1,681 -2.309 -1.987 -2573
180 a 0.412 0.348 0.354 0.383
b - 1,696 -2.304 -1,.961 —~2.542
P 0.9998 0,5997 0.9995 0.9995
v -1.633 —2.272 —1.934 -2.485
200 a 0.410 / 0.346 0.351 0.379
b —1.647 2241 ~1.896 —2.464
A 0.9993 0.9338 0.9939 0.9957
Iy —1.599 —2:231 -1,901 —2.447
i@ 0.404 = 0,006 0.345 = 0.002 0.351 = 0.003 0.377 = 0.004
¥ 0.00245[SDS] 0.00254 [SD5] 0.00261 [SDS) 0.00235 [SDS]
. -2.079 -2.728 -2.410 -2.915
/A =0.9920 / = 0.0866 P = 0.9845 = 0.9920

& is the average value of the slope obtained from a plot of log k and 2 over 100-200 mM SDS5. b is the adjusted
intercept obtained from a linear plot batwein log k and 2 with a constant slope of &

lower In k was obtained using constant power of 1.5 W, with
|AK|<2%. At a given temperature, nonsignificant difference
was found for In k of BZ obtained from the constant current
and the constant power, using paired t-test analysis at 95%
confidence interval of the mean. This'indicates insignificant
deviation in In k caused by Joule heating from the use of the
constant current and the constant powet. 1n addition, plots of
In k and 1/Tusing a constant power gave linear equations
with = 0.97. However, a current lower than 95 A or the

power lower than 1:5 Wmay be used to keep Joule heating o

the minimum, but a long analysis time will be obtained.
According to Eq. {5) and using BZ as retention index
standards, the retention indices of analytes obtained are
shown in Fig. 4c. Using the t-test comparing the observed
slope of the linear fit with zero for each analyte over a tem-
perature range of 15-40°C, a nonsignificant difference was
obtained, indicating that I for analytes in Fig. 4c is inde-
pendent of temperature. Therefore, the average values of |
{solid line) for each analyte over a wide range of temperature
from 15 to 40°C are shown in Fig. 4¢, with RSD <1.2%. In

@ 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

previous work on MEKC (13, the rather small dependence of
temperature on | was reported, using BZ as the retention
index standards and constant current.

3.2.4  Effect of organic cosolvents

To investigate the influence of organic cosolvent on k and [,
the organic cosolvent, Such as ACN, methanol, ethanol, and
2-propanol, were separately added at the level of 0-30% v/fv
in the microemulsion buffer using 180 mM SDS and other
components-as given- in Fig: 2. The retention factor was
found to decrease with an increase in the concentration of
organic cosolvent (@) due to an increase in the solubility of
analyte in organic-aqueous phase [2, 6). From Fig. 5 when
methanol, ethanol, or ACN was used as organic cosolvent,
the relationship between log k and ¢ gave good linear equa-
tions with / ranging from 0.93 to 0.99, while the second-
degree polynomial equations were ebtained for 2-propancl
used as organic cosolvent with  >0.99, In RP-LC, a decrease

wowrw.eloctrophoresis-journal.com
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In kare lingar fit, and lines for fare the average values obtained from 15 to 40°C.

in log k as a function of an increase in o is given by the sim-
ple linear equation [20-22]

logk=log k, — mp (&)

& 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weainhaim

where k, is the retention factor extrapolated to pure water
as the mobile phase, and m is the slope from the linearity
of the plot of log k versus ¢. However, the deviation from
the linear plot of log k versus ¢ may be obtained, and a
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ogous_series (as_given in Fig. 3. At 0% wW organic cosclvent, observed log k values are in the order: BZ9=BA1>
PE11>BZE>BAI0>PN11=PB10> BAS> BZ7~PN10>PBI>BAR- PN -BI6 -FBE=FNE.

second-degree polynomial equation can be used to describe

the curvature of the plot of log k versus @ as the equation [20,
21]

log k = log k. = po + go’ {9)

where p and g are the constant values from the curvature of
the plot of log k versus .

& 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

The different effects between Z-propanol and other sol-
vents may be caused by the different chromatographic be-
havior with more hydrophobic organic cosolvents, Methanol,
ethanol, and ACN are more polar organic cosolvents and
have little or no interaction with the charged oil droplets,
while 2-propanal is more hydrophobic than other organic
cosolvents and can act as cosurfactant [4]. Therefore, the less
amount of free 2-propancl in the aqueous phase than the

www.tlectrophoresis-journal com
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Table 3. Predicted and literature values of log K., of analytes in
MEEKC using BZ as standards

log K.,

Analyte Predicted values Eitaiatie

values

log Kew =clog k+d log Kew=el +f

PNE 1.72 = 0.05" 1.72 = 0.05 1.58 [16]
PMNO 2,13 = 0.06" 213 = 0.07 2.20 (6]
PN10 2.56 = 0.05* 2,56 = 0.07 2,66 [16]
PN11 3.02 + 0.05" 3.02 + 0.08 3.1 [24]
BAB 2.19 = p.07™ 2.18 = 0.06 2.12[24)
BAS 2.62 = 0.04% 2.63 = 0.06 2.64(24]
BA10O 3.11 = 0.06™ 311 =004 MA
BAT1 3.56 = 0.05% 3.56 +0.01 Na
PB8 1.78 = 0.04% 1.78=0.04 - 196(8]
PEY 2.24 = 005" 2.24 = 0,05 NA,
PB10 2.75 = 0.04" 275 = 0.04 NA
PB11 3.22 = 0.03% 3,23+ 0.02 NA

cand d are the slope and intercept values, respectively, obtained
from the linear calibration plot between log K., and log k for BZ
at each 505 concentration; @ and f are the slope and intercept
values, respectively, obtained fromthe linear calibration plot be-
tween log K,,, and nominal [ of BZ as standards. /is the average
value of retention index from 100 o 200 mM SD5 as shown
Fig. 3b. log K, = 2.13, 2.65, 3.13, and 3.59 for BZE, BZ7, B28, and
BZ3, respectively, [13]. NA = not available.,

a] The average value obtained from 100 1o 200 mM 505,

total 2-propanol added leads to higher k than expected (see
Eq. (8) and Fig. 5). and the deviation of log & from linear
relationship between log k and ¢. In MEKC with high EOF
and 0-20% v/v organic solvent, a linear relationship of In k
versus @ was obtained for methanol [21] and ACN [22), while
the deviation of log k from linear relationship was observed
at the high concentrations of ACN (20-3056) {21} In MEEKC
with high EOF, addition of organic cosolvents, such as ACN
[10] and 2-propanol [11), affected a decrease in k, but the
equation for relationship between log k and o was not
reported,

From Egs. {8) and {9) and Fig. 5, good agreement was
found for log k, obtained from the experiments without any
organic cosolvent and frém the Yatercept of plots in Fig. 5.

- 1 ‘-] -
& = 1A, o 12
A G e

whserved log &

whservied lowdk

=
.

ni 4

=
=

+ P g
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The values of m for each homologous series were also found
to linearly increase with z (* >0.99). In addition, ata given g
for each organic cosolvent, linear relationship between log k
and z was observed, log k = az + b with r* >0,995 for each
homologous series. With an increase in o, a linear decreass
in a and a linear increase in b were obtained for each ho-
mologous series,

Using Eq. (5), the calculated values of I for all the ana-
Iytes in MEEKC with organic cosolvents were found to de-
crease with an increase in . This indicates that the retention
index is dependent on @, possibly due to different solubilities
of analytes and standards in organic cosolvents.

3.3 Octanol-water distribution constant (log Kol

The value of log K., is one of the most commonly used as
an indicator of solubility or hydrophobicity of compounds,
and may be determined from the relationship between log
Kow and log k or log K, and I as the equations [11-13, 16,
23]

log Kow =clog k+d
log Kow = el +f

(10)
(11}

where cand d are the slope and intercept values, respectively,
obtained from the linear plot between log K,,, and log k for
EZ as standards at each SDS concentration; ¢ and f are the
slope and intercept values, respectively, obtained from the
linear plot between log K., and nominal of BZ as standards.

The average values of predicted log K., as shown in Table
3 were obtained from 100 to 200 mM SDS and BZ as stand-
ards. The predicted values of log K., using Eq. (11) were
obtained from the linear relationship between log K., and 1,
where [ is the average value of the retention index of the
analyte overa wide range of SDS concentrations from 100 to
200 mM-in Fig. 3b. From Table 3, using paired t-test analysis
at 95% confidence interval of the mean, nonsignificant dif-
ference was obtained for the predicted log K. estimated
from log k and I. Good agreement was also found for the
predicted and literature values of log K. for each analyte,
except for PN8 and PBS.

it

u p B, 3R

FELL ]

Figure 6. Relationship between
observed and predicted log k of
analytes in MEEKC using {a) 130
and (b} 190mM SDS5. Other
MEEKC conditions as shown in
Fig. 2. Symbols refer to homol-
ogous series as given in Fig. 3,

0 (K1 1.5 20 15
predicted log &
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The slight difference is probably because the predicted
values of log K,, for PN8 and PBS are not in the range of a
calibration plot using BZ as standards, However, using
paired -test analysis at 95% confidence interval of the mean,
nonsignificant difference was obtained between. the pre-
dicted and literature values for all the analytes.

3.4 Prediction of retention factor

In order to predict the retention factor of homologous series
compounds in MEEKC in a wide range of [SDS]. the linear
relationship between log k and z in Eq. (4) may be modified

into the equation

logk=az+ b (12}

© 2007 WILEY-VCH Verlag GmbH & Co, KGaA, Wainhesm

where & is dependent on homalogous series, but independ-
ent of [SDS] for each homologous series as shown in Table 2.
At a given [SDS], the value of &' may be predicted using the
linear relationship between b’ and [SDS) as given in Table 2.
Using 130 and 190 mM SDS in MEEKC and predicted log k
from Eq. (12) and Table 2, the linear plots in Fig. 6 indicate
excellent agreement bétween observed and predicted log k of
homologous series with theslope values of 1.000 (7 = 0.995)
and 0.993 (' = 0.996) for MEEKC at 130 and 190 mM $DS,
respectively.

In the case of MEEKC with an organic cosolvent, such as
methanol, ethanol, or ACN, it follows from Eqs. (4) and (8)
that the relationship between log k as a function of ¢ may be
given by the equation

log k= (az + b') — (rz + sjp (13)

www.electrophoresis-journal.com
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where r and s are the values of slope and intercept, respec-
tively, for a plot of m (in Eq. 8) and z, for each homologous
series. As seen in Fig. 7, in MEEKC with 12 or 22% v/fv
organic cosolvents and other CE conditions in Fig. 2, excel-
lent agreement is obtained from the linear plots of observed
log k versus predicted log k of analytes with the values of slope
near 1.00 and 7 > 0.995. Therefore, analytes with similar k
or I, such as BAY and BZ7, BZ8 and BA10, or PBS and PNS,
in MEEKC without any erganic cosolvent may be identified
using their k obtained from MEEKC with appropriate types
and concentrations of organic cosolvents.

4 Concluding remarks

In MEEKC with suppressed EOF, both retention factor and
retention index can be used for peak identification of ho-
mologous series compounds, such as BZ, PN, BA, and PB.
However, the retention index shows better precision. The
retention index is independent of [SDS]in the range of 100-
200 mM and temperature in the range of 15-40°C, while is
dependent on g. The retention factor linearly increases with
increasing (SDS], while linearly decreases with ifcreasing
temperature. The value of log k linearly decreases with
increasing ¢ used as methanol, ethanol, or ACN, while a
second-degree polynomial decrease with increasing con-
centration of 2-propanol was obtained. An excellent linear
relationship is obtained between log k and z of homologous
series compounds over a wide range of [SDS] and ¢, At a
given [SDS] and @, the values of log k of analytes can be pre-

dicted using modified equations of the linear relationship of

log k versus [SDS], z and . Excellent agreement iz obtained
for ebserved and predicted values of log k. Using BZ as
standards, excellent agreement is also found between pre-
dicted and literature values of log K, of the test analytes.
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