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Reproducibility and evaluation studies in in situ preparation of

monolithic capillary columns for micro-liquid chromatography

Abstract

This work has performed on reproducibility study in preparation and application of
monolithic capillary columns for micro-liquid chromatography (LL-LC) and capillary
electrochromatography (CEC). C-18 monolithic columns were thermally synthesized
by using GC oven, hot air oven and water bath for investigating repeatability in
column preparation of the three heating apparatuses. Precision for retention time and
capacity factor in term of %RSD for test compounds, were considered for repeatability
comparison. The monolith were applied for separation by using LL-LC and CEC. It
was found that the column could separate steroids and vitamin E isomers (TOHs) by
both techniques however the CEC showed higher separation efficiency and complete
separation of the TOHs was obtained. The SMA-EDMA column provided good
selectivity to tocopherol homologues which could not be completely separated on C18-
microparticulate or C18-silica based monolith. Successful separation of the tocopherol
isomers on the SMA-EDMA monolith using CEC can be achieved within 30 min with
good precision for retention time, peak area and efficiency with %RSD less than 5.38
and 12.5 for intra-day and inter-day repeatability, respectively. Capillary
electrophoresis was also developed for separation of glucosamine in pharmaceutical
drugs and serum sample without need of sample preparation or matrix removal. The

method has applied to real sample with % recovery between 86.5 — 104.7%.

Keywords: Polymer-based monolith, column preparation, repeatability study, stearyl

methacrylate, tocopherols



mMsAnIMsing yazmsiszifiugunmmsiadguiaglnssadangunuuneiio

' Y a ) & o (% % a Aa A =
6l‘L!‘VI’O!!fnﬂﬁ/‘lim1‘5611‘14!1(5“?:1'ﬂia’T‘r‘ii‘]Jﬂ1‘5!!Elﬂﬂ’321!1’lf"l”lﬂ!i"liﬂi"l’?l@ﬂi"l‘i3»1‘Ii‘i’|ﬂ‘§”l‘l/‘|

Tuszaululnsans
W |
UNHnga
Ao dy 9 o = =1 g’ o
AuAsed ldsiimsanuanuansa lumses sy nazmitlszgna TuTu

Py o

Y
asaneduIndunTIzau dmsumtenaromaialasunInnsszaululasaasuas

A

a a <] = 1 av o =2
I,‘VIﬂLlﬂﬂ$Wﬁ"li’f)l,ﬁﬂ1°l/liiﬂ§1ﬂi1/lﬂ§1‘1/\| cl,l!ﬁ’J‘L!LLiﬂ“'lJ’ENQTH’J%ﬂlﬂuﬂTﬁﬁﬂHTﬂ’ﬂﬂJﬁnﬂiﬂ

v ey

= o Aaa (Y] 9 9 4 a
IUﬂ'ﬁmﬁEJ?J“])"]GU'ENINIUﬂﬁﬂﬂ@ﬁlluﬂ’]ﬂﬂ']ﬁGlﬁﬂ'J'liJﬁi’)ufi]']ﬂQ‘]Jﬂim 3 BUA ﬁ@ 1Y

a 1

A (2 9 1 g’ os: anA
Lﬂi@\iﬂ"l"’lfiﬂiuﬂﬂﬂﬁw MBUANIDU LAZDNUINIVANGUV DY WUNANUINTTNITY

Q U

'
a

= gl Y A [y 4' o A o e’d%l 9

anuansolumaesesuslndifesdy  wesh InTuasnduasievau s lumsuen
Y

1 =1 4 4 a Aa A a Y 1
aslsznounquaifesessuas lo Tsmesvesiadudaiomatiamsuoniadges WU

a a AAa d == Aa A d'd 1 A A A
matanzNaaITomn Insg Iasu Inaswilszanimwmsuennaniunaiaania lasun-

= [ a 1 [} c’d‘w u’dgl =1 o 1
TnnsszauluTnsaas uaznui C18 ADANUNFUATIZTHAIUNANUIUNIZADAIT LN
4 a a A = A 1 @ s a qszl A AA o I
ToTmuasvodoaniud (Inlawsea) NanAeaul CI8 whaauaunNanyauzily
% ] o = a ] H
ounnde liannsalFlumsuen leTamesvesimiiudedeauysalld aeldanizi

J

o a a a a ad
muzauansoimsuen lo Tsmesvodmiuddlemanianzaaiso@an Ing 1as

]
aAa o =

= Y ~ A o o 1 ] [
nInnsdl 1dlunar 30 wiil Aaandianuiiesdmsuaainnedg dogio
g $ Aa A I 4 [ 1 - d v a Qd
wunlddia vazdszansmwvesnodu! luvesanlosisudduassansmsualsilsoan
Youn 5.38 uay 12.5 dmsumsanu luTu@enuazsznnauamudiay luadiun
EXT~{ % a I a (Y] o I

aeavsnITatumsnamatamsuenszay luInsaas Insodoaun i dmsv

a 4 = % 1 Y] 1 Ao 1Y doaj =
Myanzring lamiuludrednemazaredndsy  lae lideslivuneumsnioneds
[ [] o w QI a d‘ [} ) a Y ] a =\
f1pg1ansomInIaaudelu mataniaansoti lAmieidlonsesazidos

AzMINAUDYIZHIN 86.5 — 104.7%

o _ o

Y
@ aa a 4 @ 4 o o a
My : TwTuasaneawes mawIounoaul MsAnEININE difesa wnezaso

e Inlatlsea



daysyuavil MRG5280058
= o : a = % Y 1 d‘
Iﬂ‘i\‘lﬂ1§:ﬂ1iﬂﬂ‘ﬂ1ﬂ15‘n1°’m !!ﬁ8‘1]53!11‘L!Qﬂ!ﬂTWfnﬁ!ﬂ'if.lN'Jﬁ(ﬂiﬂ‘iﬂﬁ‘iNW?:H!!‘U‘Uﬂi’)!ui’)ﬂ‘l«!
\ v a G < o U v a A A = U a
natNIASTNaaIIvUIAlan ﬁﬁ’iiﬂﬂ'ﬁ!lﬂﬂﬂﬁﬂ!ﬂﬂuﬂﬁﬂ’Jﬂiﬂiuﬂ‘nﬂiﬁ/\nuigﬂﬂl’!%ﬂﬂiaﬂi
(Repeatability and evaluation study of monolithic capillary column preparation

for micro-liquid chromatography)

Taniszasdvaslasins

= = e v 1 U =Y =} =3 J v a wa

1. @nmmueioniaglanaiengunmelureuiiuadasFownaidniulsluiesdjidns  uaz
myin il lumsuenlasszuvdaialasuninniluszavlulatdas
= = o o = an o ed o Ao o '

2. @nmisanmiznavhd ldlumaeioululuafenesuisnduizgndlasaiiniuiunde
whadluviauninalaaisamaLan
= a 6 A 6

3. ANENANNENNNTO ANTRENRNTUTENOLUTIANKLAS TN  (steroids) W38 b8 lmluaIUBI
a A A aa o ga o ek
301018 (tocopherols) Ul IUATAABANUNFILATIZAUY

4. wawszuumssonmelaaun Wil lurianmariadnfanIumsie iz sluszau
lalasias

Executive Summary

a I @ { 1 1 4 wa A
TuTuds  (Monolith) 1luiaghiiTaseadanguodedonion  uazudasguaniian

q

o w 1 aov I 1 A 3 o [ @ 4
ﬂ'?ﬂfgﬁ@\‘lTH’JZIJEJ‘VINg]}?uiﬂﬁll”IIVIﬂi?ﬂLﬂu’ﬂfﬂﬂfN‘VN?fTH3Uﬂ13llﬂﬂl!ﬁ$ﬁﬂﬂﬁ1§ Lﬁi’N’lﬂﬂ

< a o a [ v e 4 ) [ L4
anuilugngugauesluTuasildinannuaudounduduiionh Tl ldau aansodunsizd

Y = vAa = A Jq ¥ o =~ 9 '
"l,ﬂqwle,mzuﬂmﬁummamwmﬂwmﬂ ?ﬂll”liﬂ!,a@ﬂi%iﬂlﬁunﬁuﬂﬂﬁﬁ%ﬁuiﬂqﬂ3J1ﬂﬂ’n

a

v J uszl a AAo | < =2 A o A=K @ J o v J
ADANULLUAUANNNANEMzIT WA WHNUIVYNANHINITAUATIEN HagNIUINvauY
9/

1 IS)

J I [ o Ay A o A
Usziandl hllsegndldaududnwnn udieeliaudted IdimsAnuaaauiauas

9 9
TaseardvesInTudsswnems Isanuvesiaadszmniioonuunue  uanunludiuves

v
= 1

aw = ) g’ = aa [ c’oszl o A [ o 9 &£ A
\T"ILl'Jﬁ]ﬂﬂﬁuolﬁlﬁﬂy"Iﬂﬁ‘Vﬂ“]fﬂLlﬂTi!@]ﬁﬂﬂJTﬁJIua‘ﬁﬂﬂi’)aNuuuﬂﬂJ@Qm‘Lﬁ]"ll!’lluu@ﬂ KD D

& o a o = A o o ¢ A 9 Y Yo Aa
!TJLlﬁ”‘]u’ﬁqﬂﬂl‘ﬂﬂ’Ji‘VI1ﬂ'l§ﬁﬂBTLW@ﬂﬂﬂﬂNﬁﬂ1’J$LLﬁ$ﬂl‘LW]'E]‘L!ﬂ1§ﬁ\3lﬂ51$'ﬂl‘wE]Gl,'ﬂblﬂf]f’fﬁ]‘]ﬂll

9

= a

wa A ya o A a o ¢35

ﬂﬂlﬁﬂﬂ@]!ﬁuﬁ]um%ﬁi@iﬂmﬂﬂﬂﬂulll@llﬂTifN!ﬂi”lz‘Viglﬂ
Aav dy 9Y o = = a =\ Aaa o P
11&\11u3ﬂﬂu1ﬂﬂ1ﬂ15ﬁﬂﬂ1ﬂ1im583JLLE1$1J5$L11u@ﬂ!ﬂWWﬂTﬁmﬁﬂllilliua‘ﬁﬂﬂ@allucﬁﬂ

S Y ! 1 4 1 a < 4 o
huiaanii lnseadunguuuuaotiosluneudiagiaatsvmaan et 1l luszuums

q

wenaemaia lulasania lasun Innsuazaziaasomn nlasinInnsl  Fadumaiia

~q ¥ 9 Y a o ~ ~ =) g’
ﬂﬁLLEJﬂ‘V]61"1)’?(151!’06%1?!1“”i%ﬂﬂuliliﬂiﬁ@i Tﬂﬂ‘lmﬂﬁl‘ﬂiﬂ‘ﬂmfJ“lJﬂ’JHJﬁ'liJﬁﬂ‘luﬂﬁMiﬂiJ“]ﬂ

nngUnsal ltanudoursiana q #llludewlfiiamsialife meuveuniowdalnsuin



a

Y
s (Gas chromatography oven) evaNs ou (Hot air oven) uazmqﬁwmmuqmﬁﬂu

u

A o d o

(Water bath) stagWauumatdamsuenuy C18-IuTuasaneavunaunsizidmsuaslsznon
4 o a a & [ [
1lszan AMATITOHA (steroids) Az 1o Tmuesypadniiud Fadelimelsieaumsenuu
v oA 0 @ o e = I Y o ¢ v & A
AoduINaziIMIduns ey lulasamst vazdnwanuduld1dlumsduasizinoduniviia
Tmidmsumsueauuy Iasun InnswlszaulyIasans
Aawv 4 o [ o aa [ r'd [ a’aszl 3
AHAMIIVULUDINMIFUATIZY IuaT AN AN TasM A3 guADAUUNIVUTY
Ay ° o Y ¥ Ay o a
(MUANVENINAINI) uazuuued (Midald ldanueINdeans MeraImsmIen)
] e’ua.z’ ~ o ~ ] ~ Y 1 [ 4 ~
ADANUNINUAIAT IUINBIALTENDUIABINY alaimaenunnoulniluesdlszneun
) @ = [ 4 = = va 9 =
MgaNdmMIuMIwaoy C18 aodwl  nnmsnlisumsuaaauianiesulasu Inns
o [} r'd a Aa
Tasmsrthaoduiuenals 6 sia fe InlegEe Wuoa woutilwa wudu Tngdu uas
= d! =\ ,f,’ qgj 1 9 U [ a’g qul a Y
uunlmau Falanmanaaaun llvniss NUMAAUUNIHNUATIVNTOLINAITNG 6 FiA 1A
¥ 9 '
wethmsdszuanuamnsalumsidn Tagnosanan retention time (AMETOGUY
[ L4 a Y] aa [ [ L4 1
ADANI) 1A capacity factor (ANEINITDIUMTINABUATNIVIVOIAITAVADANY) WUIINT
a o ¢ o dq v v v . =
w3eunduuuuay Nlvianuioulaens e hot air oven 118z GC oven UANULUITUTIUIN
Y )
marmalumsneeg  (retention time) TPONIINITIATONIN water bath LB NIITAN
1 . 1 = g ang Y Aaa [ P
ANUANITDTUNIIAIBY (capacity factor) WUIIMTINTEUNIANATIH Iae Ty TuasaneduIN
~ wa [l [ @ 1 A v o W Y I 1 as = o a A [
lauauia lduanarsnuegediiodingy waadlimuInsMsmsondag luTuasinane
AuauauMen e idwaseauiiaauaiidmsumsmiounnaisazaededniy  u
=1 = g’ d' = % = [ 1 [
MsanEIANVaIITa lumswseusinesonluIw@eIny 1azser199U (between batches)
Y v
#78 GC oven WUMUANUETDIUMTIIEING (%RSD dIM5UAT retention time 1IN 3
o [ [ L ] [ 1 o [ ] 4 ]
fmsumamssunoau Aoty uazdosnin 10.5 @MSUMINSsuRoduALaz )
z Y o o PRy o’d? 9 =3 4 =&
nminIdiheeduindunszvau 1 lumsuenasisznovafssoss FIA1WIT DN
aslsznovaifesosdla 4 wiiafe triamcinolone, prednisone, prednisolone LA
= Y o [ 4 Y] o"d’d [] % dz
dexamethasone M1elunal 16 i uazlashimsdunsiziaeduinivyilendunaunuuiian

a A

1 091} y ) a a ' I a
!Lﬁ%llllflellﬂ Lﬁ'ﬁ]‘ﬂ'lﬂ']illﬂﬂﬁWiﬂi%ﬂ@ﬂﬂ@]'mu% WU31ﬁ1N15ﬂLLﬂﬂ"lf]I°ﬁm@§Waﬂﬂl@ﬁﬁﬁWNuﬂ

'
]

183 To T (0-tocopherol, a-tocopherol and a-tocopherol acetate) meluna 12 i 18135h

[ d? Y a Jd a a a A Y] (] 1 9 A U @ A
Wﬁlll‘!"lslluulﬂalclfﬁluﬂ1§’JLﬂﬁT%‘Hﬂﬁ3J']ﬂ!'3@]13Ju@Glu@I'Jth’JNfJ'1 WU?WqﬂNﬁﬂﬁ@ﬂﬂa@QﬂUﬂWﬂﬁﬂﬂ

q

] a -4 a ¢ w A Aa ' A o
VNRAANLAS NLTJ’E)'D'L“]fu@“lﬂ1§3!ﬂ31$1’iﬂﬁﬂﬂuﬂﬂiu%'}\‘l 103-108% maﬂiuﬂzqmmmmm

A o a'd?} v J o

(g ) J a a
TumsuenvesneauindanTIzHIY UlﬁuWﬂfJﬁiJuuTﬂ1ﬂT§L!ﬂﬂqﬂjﬁﬁlﬂﬂim@ﬁﬁﬂ']iluaﬁﬁﬂ

a A A

a A a a Aa g =~ 1
WIﬂuﬂﬂ1illﬂﬂﬂmﬂi$ﬁﬂﬁﬂ1wq\‘lﬂ’ﬂLﬂﬂUﬂﬂ$WﬁﬁﬁmﬁﬂiﬂiiﬂthI“ﬂﬂﬂw NUNFIUTD

A3

a a A J v a 9 =} 1 an [ o't:ald 2
!L‘c’Jﬂ?ﬂnluﬂll’Eﬂ“]mJﬂﬁﬂﬁﬁiJﬂ (6 ¥UM) "Mmﬂ“lunm 30 Wi wunluluasaneauiilanya

9
v d 1%

lumsuenI AU UINANINADANULUVAUA



1 { < @ a a L4
ludrunaesvedlnssmstlumsiauumatianmsinsizing lasiu
. 1Y a 1 < { a L4

(Glucosamine)  TuszanTuTasaasmeldaunldihluvondivinadn  iiedwsgvnm
Usuang Inaniuludledeeazsdied1as inateratenns lakimsAny1Isms
a d (A = ] 9 a a o a =
wneilsnanglamiy wu ldmata HPLC  lumsamsizrivliunang Tasiuly
o ' 1 . . . I l I < !
M09 tazvounadlus ey (biological fluid) Wudu sd1elsaamng Taasndiuiluaisn

v [ ] Y 4 aa a
Tiaunsaganauuas  Sauiluliansoasieialdlasasauloldgi-AdbaanlnIns W la
a < A [ [ qﬂj} 1 ) = a <Y Y] [ Aa o U dyd
umeditluniensdnia  aniunewiing laaniumnAnigialedinilaiasianinaniing
9 ' o a a | o oA A v = Yo [ a A
dosrnumsihilnsonduasenyiusnansaganaunasld  wielddmstaiariaduuny
(U LOMND TSIUNTN ANATY (amperometric detection) IAAIATIFUHNMHUDILA (refractive
. . A = £ g QY amd Y dos.l} =
index detection) ¥3ouua alnInswns (MS/MS) FeailuisnaeudalTUaoUMTINT Y
v ] A 9 av csy Y o a a AAa g Aa A
aregangeenuaz ldaiunu TugAdei Idianmatiauallaaisodn Ins TrlsGan

v Y A (A v (S v Aaaa A v A ~ I ) o

A32930A78 “angnnanilila aeuunama AeuARNIN AMATY” W3 “FIWTA” dKTum

a % a a ad a X a { a a
Ysinng Inaniiundamsuendromaing iaaisoan Ins v Fadgailumatianiilseansam

9
v o oo a Jd o 1 a v
msuengemelunmdudu nazannsaInizidednlsunateenunawisonenng Inan
Y

=) 4

Y 1 @ 1 Ao 19 =) le; = o 1 A o w A
uum"lumamaﬂmazmamwmT@ﬂ”lmmmumauﬂmmfmmamwiammmiauqiu

[ 1 1 a o 9 . I ad 4
f10819naUMSIAATIZH laens 19 20 mM MES/His (pH 6) ifuansazaredianIns lad



o d
NYNURVUTNY IV

Feyayuavuii MRG5280058
=] o Z a L) % Y \J d' \J v
iﬂiﬂfﬂi:fﬂiﬁﬂ‘kﬂﬂ]i‘ﬂ]“ﬁ uaz1J5zmuQam1°wmsmmu:lmﬂﬂsa’cﬁnguummmumﬁlumum
a = < o U 4 a A A = U a
AZNaaIvUHIAEN ﬁ"l“ﬁi‘uﬂ"li!!ﬁlﬂﬂ’Jf.lmﬂ‘Hﬂﬁﬂ’Jﬂiﬂﬁl"Ii‘ﬂﬂi"l‘l’nuigﬂﬂlluiﬂiﬁﬂi
(Repeatability and evaluation study of monolithic capillary column preparation

for micro-liquid chromatography)

NN

4

aa o . < o o @ Qy
TuTudsanoaul (Monolithic column) 1flunedmigineluussydieian Inssadungudumen

[ A Ao o & A A Y = A waa [
suuaeiied  Amautuntieuldlumssenmalasmninnil  esnngaaniian laamuriay

' I @ { I~ ' { & ' 4 o
Usgmau idudagddianuiugwgugs Jvaemsldauluanngidunsa-annin Weohiouny
[ P Y [ < Aaa os/' a =\ o Aa A =\ [l o
ApdNUNUIIgIeTaglssinmlaganuuuduay Ianusumzuazlsz@ninngs uazinylandu

a Y A Y
vanestalvimen lsauanumuzay

) { 1 y 09/' a !
Tagina ldmelulaseadrundugngunuuaeiioniusglsznoudiegngu 2 wia (M 1) Ao

v
S 1 1

A & d 1 9 o a I
Macropore %30 throughpore BUVUINIUTZHINTATI@T1IInanvedIuTuas taziugngunanas

u Q

ke

'
1 =

' o £ J ] A Ao A
ﬂﬁ"lWﬁWTL!ﬁUi’Nﬁ"ligluﬂ@mJu Ias Mesopore %QLﬂHgWEHUHTﬂiQﬁi"Nsll’ENTlIIua‘ﬁ NUADADWUNNY
Aa A aa [ 4 9 9 aa o w a =K A Av A=
Llﬁgﬂigﬁ‘ﬂ‘ﬁﬂTWﬂTiLLEJﬂGIJf’NTiJIua‘EﬂﬂﬂmJu ﬂiﬂﬂ]ﬂﬂﬂﬁ?ﬂmﬂlﬂﬁiﬂiuaﬁ WUNUAVYNANBINTG

o 4 o v J dy J 3 o 1 1 aw A =
AIUATIEN u,azmimﬂﬂauuﬂﬁzmmullﬂﬂszqﬂm‘ﬂumummﬂ Lmﬂlumum’ewmnﬂﬂﬁu%ﬁﬂy1

v A v

o 09; an o E4 csj I o Y
mim%ﬂﬂua‘ﬁﬂﬂ@amuuumu@mﬂummuu@ﬂ

U

Mesopores: 13 nm Muocropares: 2 um

{ [ a an [ 4
A 1 naasanyag Insaas 19gwguyiia Mesopore agMacropore e 11 Ty Tudasana

av dyd A v I =2 ) 3’ a ) o 9
GI,‘LN11!1]%EJui]\‘lll3@@ﬂ5$ﬁﬂﬂﬂﬂ$ﬁﬂ1&l1ﬂ1iﬂ1%1 uazﬂ‘szmuqmmwﬂmmamﬁ@ﬂﬂimin

1 A 1 9 a = 3 A ) Y 9 a Aa a
wiunvvaetiliosluneudinziaaivwaan o llldluszuumsuendromaiin lulnsanialas



a a ad 8 I a { a
nInnsiluazmaiaaziiaaissanInlasun Inasil FudumatamsuenilgeansiSnadesunlu
[ a Y] o 'L 4 I a o o a 4
szavlulnsdns  Taotaelassadranguidunsizdan fuluTuasnduasizd ldanlanedwes
YoeEIAsesa wnsnsanensau lnanea lAWNsIASIaA  (Stearyl Methacrylate-Ethylene glycol
v a <3 ]
dimethacrylate copolymer; SMA-EDMA copolymer) meluneudiaziiaaisvinaan vnaduru
4 % o @ { [ Jo
guanaramelu 100 Tulaswas Fazildlddaglassadrongumeluningfleddudy c-18 uas
Y
o o a, v EL . .
AnyimItiaeITmamseuneauilu 2 tuuAe LUV (Multiple short columns filling method,
[ 4
MSCM) g MIIN3uADaNULLVE (Single long column filling method, SLCM) wagmsliany
Yy A w9 A @ )
Fouiuana iU BV IAT N 1T TNNT IV (Gas chromatography oven) , 119UANIDU
. 1 gl a a =
(Hot air oven) HAag®NUINIUANQUYHY (Water bath) vazlszdiuganmmalasun Innswainms
1 L] 1 [ 4
nlsisraveem 11817998 (Retention time) LAY mmmmiamagmmmﬂuﬂ@auu (Capacity factor)
(Y] J
agiszasnvedlnsams
= = @ 9 1 Y a ~ < d?' Y Y a va
1.1 Anyimsmsondag Inssasangumelunsuninziaazvinaaniyulyluiealianms uay
° a a @ a a ad
ms1h 1 lumsuenTagszuvaaialasun Inns i lusedy lulasansiazazvaaisoan Ins I
S A
3%
= = o 2’ Y = aa Y] PN Y] A Y [
12 dndsannzmsigldlumsweseu Ty Tuasaneantiduluiaa i lnseasanguuouae
A 1 9 a = < = = va Y =Y a
iosluneudaziaaiumaan  Tasmsnlseuiisuguantasiuasu Innsidrematialy
TasanialasunInns
= = s . J
1.3 Anmanvannsalumsuenasdsenevlsuanmaiosoon (steroids) uaz lolmuesuos
a a A aa [ A o (d?
AMHUD (tocopherols) U TN TuATAADANUNAUATIZHAUY
o Y ] Y < ) Y] a 4 1]
14 Wannszuumsuenneldauy i luneudrvinadndmsumsimsevans luseau

Tulasans

aa av
EMIIo

= ana [y d
1. mam3anlnluasanoaN

o A A Vv a = 3 . .

1.1. msaandasnurimealuneudinzfiaaisvinadn (surface modification)

o [ dy a 1 9 1 o o a 1 Y 9

Mmsaauasiiuiinmeluveseuniney msduasizdluTuas  Tasmsussyvoudidoe

a =

2 s ) s 9 P <
miazawimmu"lameﬂllcmmmmmm 1 Tnamﬁ LLﬁ’J?J“]JVIQﬂ!‘H{]iJ 100 93AUYUBIT L‘]J“L!L’JﬁT 2
3 S v v < A gy Y o v
GI)"JI?N ’i]”lﬂ‘Ll‘L!ﬁNﬂ’JEJu”I‘]_]iTﬁﬁ]”Iﬂll’ﬂﬂﬂu uazmmmamﬂumm 30 1IN L‘]_]”IGlTHWN ﬁ]”lﬂuuﬂiﬁﬂﬂ’m

a a a 4 4
aisasany 3-(1@3L3Jﬂ‘ﬁﬂﬂ0§llﬁliaa) I‘WiWﬂ LUNIATLAN ('Y-MAPS ) ﬂ’ﬂlll,“lgllﬂﬁlgllu 50 L‘ﬂi’)ilﬁ]ﬂmiﬂﬂ
A A ~ ~ < 3 S v
ﬂiumﬂummu@a uazaqumwgu [URGRIG RIS KIS TG L‘IJHL’J’L’I"I 12 GH'JIIN ATMNUUANWNAIYUNIUDA

F7
wazailanleoou tdhliuis



v &
1.2 msaansizrlnIvaslunaun?
am o J v [ as
M3 lumsduasizvineansviaily 2 35
(9] d
1.2.1 MSNTSNADANHUVVUHIU (Multiple short column filling method, MSCM)
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1.2.2 MSIAENABANUUVUED (Single long column filling method, SLCM)
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ﬂé’mﬁ;ams‘ﬁuuamﬂuﬂ Scanning Electron Microscope (SEM)
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3. Amsuenasaamaiinaninlnsaninns1il (micro-liquid chromatography, p-LC)
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4. 53m3uen’lo Tswesvesdmiudaemaiinaziiaisoaning Insu Tnns il (capillary
electrochromatography, CEC)

Tumsuen o Tanuesvoa30iud (tocopherol isomers) wuTuTuAsanosnifduniziaudao
matiaumiTadsidnns TasnTnnal fanemsuendai

Column : SMA-EDMA monolithic capillary column (100 im i.d., 23.5 cm effective length, 32
cm total length)

Mobile phase : 7:93 (v:v) 20 mM Tris buffer pH 9 : acetonitrile

Separation voltage : +30 kV

Injection : Electrokinetic injection (10 kV for 30 s)

Detection : 200 nm.
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5. aﬁnmmnmsﬂgiﬂmmumﬂmﬂuﬂﬂzwamsmaﬂi‘nﬂwswa (capillary electrophoresis, CE)
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Capillary : 100/360 pm i.d./0.d., 24 cm effective length, 35 cm total length

Background Electrolyte : 20 mM MES/His (pH 6)

Injection : Electrokinetic injection (1 kV for 3 s)

Detection : Capacitively coupled contactless conductivity detection
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[ 4 1< @ ~ =l
dunsizvay; Tag A, C uag E iilunodmifigna3eniuuyuiu (Multiple short column filling method, MSCM) iz
IS o oA = . . v v v
B, D uag F Lﬂuﬂaauumgﬂmiﬂmmuan (Single long column filling method, SLCM) Tag A, B Tinnuiounis GC

oven, C, D 115018 hot air oven 1ag E, F 1¥A1u59UA18 water bath
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{ 1 { 1 v oA . . Yy a Y Y
MINAN 1 1AAIAIAINAIBYIUBIABANUTNYNIAT BN Multiple short column filling method 19835M3 THANNTOY

3 11U (GC oven, GC oven 1Ly Water bath)

s

Thiourea
Phenol
Anisole
Benzene
Toluene

Naphthalene

GC oven Hot air oven Water bath GC oven
Aunde SD Aunag SD Aunde SD Aundo SD
1.43 0.13 0.92 0.06 1.38 0.18 1.24 0.28
1.68 0.16 1.08 0.07 1.62 0.21 1.46 0.33
2.71 0.24 1.76 0.11 2.61 0.33 2.36 0.52
3.25 0.29 2.11 0.14 3.14 0.40 2.83 0.63
4.24 0.38 2.75 0.18 4.09 0.52 3.69 0.82
5.93 0.53 3.86 0.25 5.70 0.71 5.16 1.13

A ' ~ ' o da a . . Y ax v Y
AT NN 2 meﬂmammagmmﬂaauumgﬂmiammu Smgle long column ﬁllmg method mammﬂwmmnu 3

1YY (GC oven, GC oven LLag Water bath)

ans

Thiourea
Phenol
Anisole
Benzene
Toluene

Naphthalene

GC oven Hot air oven Water bath GC oven
Aunag SD Aunao SD Aunao SD Aumay SD
433 4.72 1.39 0.30 6.52 8.45 4.08 2.58
5.09 5.55 1.64 0.36 7.52 9.70 4.75 2.95
8.25 9.03 2.68 0.57 11.87 15.25 7.60 4.63
9.89 10.82 3.21 0.68 14.22 18.29 9.10 5.55
12.95 14.21 4.20 0.88 18.50 23.78 11.88 7.20
18.28 20.19 5.92 1.25 25.86 33.24 16.69 10.06
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2.2. ANNENINIUNINWDLVOINIVUINADANDANUNTUA1ZH (Capacity factor, k')
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A13797 3 UAAIAT Capacity factor (k') ¥0IABANINYNIAT OV Multiple short column filling method #2835n13 19

Anudou 3 uuy (GC oven, GC oven ko Water bath)

GC oven Hot air oven Water bath
Aunay SD Aundo SD Aundo SD
Phenol 0.17 0.002 0.17 0.001 0.17 0.000
Anisole 0.90 0.010 0.92 0.004 0.89 0.005
Benzene 1.27 0.012 1.30 0.005 1.28 0.004
Toluene 1.96 0.021 2.00 0.007 1.97 0.007
Naphthalene 3.15 0.037 3.20 0.010 3.14 0.014

A . I .
* 1318 Thiourea 1)1 void marker
A 4 A o v IR W o
Capacity factor = (t-t )t, t =y lumsndouiiosnaniineduiiniing1aia

= ~ g Y A = o v R o
to:L’mTVIll‘ﬁIf]gliﬂi%iuﬂﬁmﬁ@uﬂ@@ﬂ%'lﬂﬂ'Jﬂf]ﬁlluﬂﬁﬁﬂ]@liﬂ]ﬁ]’]ﬂ

157197 4 1LA@AIAT Capacity factor (k') ¥9IABAUNNYNIAT O Single long column filling method #8353 19

9
AUTOU 3 1LUU (GC oven, GC oven iy Water bath)

GC oven Hot air oven Water bath
Aunde SD Aunde SD Aunde SD
Phenol 0.17 0.002 0.18 0.002 0.16 0.011
Anisole 0.90 0.012 0.93 0.007 0.84 0.032
Benzene 1.28 0.014 1.31 0.016 1.21 0.048
Toluene 1.97 0.028 2.03 0.022 1.87 0.065
Naphthalene 3.17 0.075 3.27 0.028 3.01 0.088

A . < .
* 1319 Thiourea 1]U void marker
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NINN 6 AN Capacity factor k) 61]'E]\W]@L!.ﬂ?ﬂzwﬁﬂ15mu1ﬂ£aﬂﬂﬁﬂ!ﬂﬁ13ﬂ1ﬂ Tﬂﬂﬂ1ilﬁ§ﬂﬂﬂ@aﬂu!£ﬂﬂ Multiple

short column filling method ( ) 1 Single long column filling method (@) Tag 1,2 183 Wumslianudoudis

GC oven, Hot air oven Liag Water bath ANAINY
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13 a v d o (Y] = d a A A
3. mﬁﬂﬁzqnﬂiuiuaﬁﬂaauu aIuMILENAINYIDUAUAZ INTNHD

3.1 msugpasmfgsesa vu C18 Tuluasanadus
o Jd 2 . . . .
1@imsAneimsuenaifosess 4 wila (triamcinolone, prednisone, prednisolone a1
a Aaa v oA o o’dg’ ' 1<
dexamethasone) FUA YU C18 TuTuasAneaNUNTUATIZHUYN WU 10% (v/v) methanol : water 1Wu
I A A Ao q Yy Aa v o A ~
@Qﬂﬂﬁgﬂﬂ‘U‘U’t’NW\lﬁlﬂ@@ﬂﬂﬂlﬁﬂ?%ﬁﬂwﬂ"ﬂﬁllﬂﬂ?ﬁllflﬂﬂﬂ mﬂﬂlunmauﬁu 1D 16 UIN (!,Lﬁmﬁlu

A A 1 Y A a A ax A
NINN 9) ﬁﬂ"l’Jz‘VII,‘HiJ”Igf’fll@ﬂﬂ"liLLEJﬂﬁ'a:‘ﬂulﬂcluﬁﬁNﬂ 5 L!a3fﬁ;ﬂﬂi%ﬁ%‘ﬁﬂiwmﬂﬂﬁ‘ﬁiu@niﬁﬂ 6

' v Y
M13197 5 HAAITA T NN TUADNTUBNAABTDIANA 4 U1IA (triamcinolone,

prednisone, prednisolone 418% dexamethasone) ¥ila U1 C18 1uTuas AnDAN (SMA-EDMA)

Mobile phase water : methanol (90 : 10, (v/v))
Flow rate 2 pL/min
Column SMA-EDMA monolithic capillary column
100 pm I.D. x 50 cm

Column temperature 25°C
Detection wavelength 241 nm
Injection volume 250 nL

0.011 ~

1
0.009 - 2
3

. 0.007
2
S 0.005 - 4
.20
“ 0,003 -

0.001 ~

'0001 T T T T T T T 1

0 2 4 6 8 10 12 14 16
time (min)

NN 9 Msuen (1) corticosteroid, (2) triamcinolone, (3) prednisone, L4812 (4) dexamethasone

(@n1eMIuen uaadluasren 3)
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F4
[

~ A A Aan A =2 o o = s z a
1597 6 HEAITTANTNINVDITNWAUIVY dIMSUNITLEN AAYTOUA N9 4 FilA

Analytical parameter Triamcinolone Prednisone Prednisolone Dexamethasone
linearity rang (mg/L) 0.5-10.0 0.5-10.0 0.5-10.0 0.5-10.0
Calibration equatior%a y =0.098x+0.0127 y=0.116x+0.0171 y=0.1002x +0.0217 y=0.1185x+0.0104
Linear regression gjr ) 0.999 0.999 0.998 0.999

Limit of detection 0.009 0.007 0.008 0.007

Limit of quantitation’ 0.029 0.024 0.028 0.024

Ly 1s peak area (V.s), X is concentration (mg/L)
. calculate from S/N = 3, (S is peak area and N is noise signal)
calculate from 3SD of blank/slop

3.2 manenlelamiasvas Imiiud nlawlesea) vululuasanadn

F4
a o

meannInlamlesea ¥iedanud duasn liddn lumsiaseidSinaiaiuduaas lo Ta

Jd v o 9 Aa a a = KR o Y Yo o a A J a A
Wwosunaziilaems lmaiaanla lasui Inns il Fa31ludngleaiazargounsglulsuian

1 9 ! £ ao dyd A [ a [ a A'l a [
ADUYNGN muwuwawm’mﬂumau‘lwi]xwmumnﬂuﬂmmﬂﬂimu"lﬂmam eaalsuiuan

o a A da 9 a Ia a A Y a = [ a A
MazaeaunsonlylumsinsziIniue ﬂ"l'i!Lﬂﬂﬁ"liﬂ]ﬂl‘ﬂﬂl!ﬂjﬂillﬂ‘ﬂﬂi"lWizﬂllullIIﬂiaﬁi‘ﬂ

Wmsanene mailalulasandalasu Inns W wazaziaaiaomn 1ns laaun Inns il

Homologues R' R R’
o -tocopherol CH3 CH3 CH3
B - tocopherol CH3 H CH3
& -tocopherol H CH3 CH3

H H CH3

vy -tocopherol

A 9 o a a A
NNN 10 uamimmmﬂaimummmmmua
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3.2.1 masgnIaiudmamaiia lulasandalasanInnsw
4 a a ana [} 4 a
Tumsuenlo TsmesvosdauduuluTuasanodul 2 ¥ila Ao CI18 SMA-EDMA uag
~ 1 v I~ Y a a a ~ = dy 9
PEDAS-EDMA (Iviyjilanduily OH way C18) aramatiaanialasuiinns il wamsAnyuiosdu
\ o ] A v =R Y o ~ '
WU ABANY  PEDAS-EDMA 1¥imamsugnianil C18 avauil 34 lammsrianneimingauao
o ~ o ' Ay Y ~
M3uenUY PEDAS-EDMA asaiillumsnd 7 dredwveslasinInunsui lauaadlunmi 11

9 ~ o a a A > a 9y ~
maimﬁmawmmzﬁu AIWITONINITUININUUDNN 3 YUA llﬂﬂW‘c’JsluL’mW 12 4N

A A 1 a a aa [
AN 7 UAATAMSNHVZTUADNITUENINNUD VW PEDAS-EDMA TuTuasanoauil i?f’m

maia lulasandalasun Inns

Mobile phase water : methanol (5 : 95, (v/v))
Flow rate 3 pL/min
Column PEDAS-EDMA monolithic capillary column
108 pm L.D. x 50 cm
Column temperature 25°C
Detection wavelength 205 nm
Injection volume 250 nL
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A 11 Tasu Inunsuuey 1= S-tocopherol, 2 = Ol-tocopherol and 3 = Ol-tocopherol acetate
4 o @ ( 1
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Analytical parameter S-tocopherol Cl-tocopherol OL-tocopherol acetate
linearity rang (mg/L) 5.0-100.0 5.0-100.0 5.0-100.0
Calibration equatior%i1 y =0.003x+0.007 y =0.003x+0.002 y =0.003x+0.003
Linear regression (r°) 0.996 0.998 0.998

Limit of detection  (mg/L) 0.99 0.99 0.99

Limit of quantitation” (mg/L) 3.30 3.30 3.30

.y is peak area (V.s), X _is concentration (mg/L), calculate from S/N = 3, (S is peak area, N is noise
calculate from 3SD of blank/slop

9 ~ Y o a d a a a A [ 1 [ a 4
melaganeimuzay ]lﬂ‘imﬂﬁillﬂi1$ﬁﬂim1m3ﬂ1ﬂu61uﬁ]®81ﬂﬂ1 ﬂﬂﬁiﬁ‘ﬂﬂﬁﬂﬁﬁllﬂﬁ"lg‘ﬂ

S =

{ : P} { P Y] P-4 A P o A '
Tuasnan 9 s limanlndiReaduanizy taziinlesiFuanmsdmievaundunalugie 103 — 108

E]

sl < Y3 = ¥ A A and o 2
!ﬂ@ﬁl%u@ lla@\iﬂlfﬁLWUﬂ\iﬂ'J'liJgﬂ@@QL!agu']l(’]f@ﬂ@ﬂl@\?’)ﬁﬂwmu’]mu

~ a 7 (a a a a9y A Ao = [ VA S I 4
A1TNWN 9 Nﬁﬂﬁ’JLﬂﬁZ’Hﬂiiﬂm’Nﬂuufl AIYNAUANNAUUNTUNUATNGTSY uazuamgﬂaimum

MIAATEHNEY
Quantity"
Sample %Recovery
O-TOH  O-TOH OL-TOAc Label claim

Multivitamins tablet - - 24.13 £ 3.76 30 mg/tablet 107.0X1.1
Multivitamins syrup - - 1.14 £ 0.02 1 mg/mL 108.3%6.4
Natural vitamin E oil - - 100.86 £ 1.72 100 mg/5drops 105.2%4.2
Natural mixed tocopherols - 264.74 £ 8.75 - 268 mg/capsule 103.7%6.7
capsule
Natural Vitamin E capsule - - 142711127 200 mg/capsule  103.1F4.1

*average vitamin E content +SD,n=3, O-TOH = 8—tocopherol, OL-TOH = QOL-tocopherol, OL-TOAc =

S-tocopherol acetate
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Mobile phase 7:93 (v:v) 20 mM Tris buffer pH 9 :
acetonitrile
Column SMA-EDMA monolithic capillary column
10(()) um LD. x 23.5 cm (total length 32 cm)
Column temperature 30°C
Detection wavelength 200 nm
Injection Electrokinetic injection, +10 kV, 30 s
50
40 -
30 =
2
= =
2 20 A = = 2 =
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@13197 11 Resolution between - and y-TOHs obtained from the SMA-EDMA column compare to other

stationary phases.

Stationary phase Type of column R (B-y)* Ref.

1. C8, C18 microparticulate 0.0° 1-3

2. Monomeric C30 microparticulate 1.5 4

3. Pentafluorophenylsilica microparticulate - 5

4. ULTIMA C18* microparticulate 1.2 6

5. Silica monolith® monolith - 7

6. PEDAS-EDMA' monolith 1.2 8

7. C18 SMA-EDMA monolith 1.1 This work

“ resolution between B- and y-TOH, R, = 2[(t,) , — (t.)p]/(Wst+W,), t, = retention time and W = peak width
Pcannot separate B- and y-TOHs, ‘not reported

bifunctional groups of amide and C18

“bifunctional groups of hydroxyl and C17

'silica monolith coated with poly(octadecyl methacrylate)

{ { d‘ % -4 1 1 % a Q( 1 d‘

MINA 12 uaaenuioInsve I sniannIu luuduesa dulszansimsulsdsiv vesamai
1 o 4 { = a A v J .

1 lumsnseg (tr) doyanunuildiin (Peak area) wazilsz@ninmvesnoauil (Efficiency)

v v
AUTVAITNG 5 ¥ NMsuen WA ULAZTEHI9IU (3 TU)

A1351990 12 %RSD for retention time (t), peak area and efficiency (N) of the TOH’s and

thiourea (EOF maker) separated on SMA-EDMA column

Compounds Intraday repeatability (n=7 injections) Interday repeatability (3 days)
tr Peak area Efficiency tr Peak area Efficiency
EOF 0.55 - - 1.63 - -
6-TOH 0.74 3.1 3.0 3.00 9.3 7.6
B-TOH 0.78 6.4 2.4 2.73 7.9 7.6
v-TOH 0.78 4.0 5.4 2.73 6.1 12.5
o-TOH 0.76 5.5 2.8 2.56 8.2 6.0
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RETRIY 1min (n§u)
Monomer 0.1200
EDMA 0.1019
Isoamyl alcohol 0.2809
1,4-butane diol 0.0662
Toluene 0.0882
AIBN 0.0107
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Electrolyte 20 mM MES/His pH 6

Capillary Fused silica capillary 100 pm I.D. x 23.5 cm
(total length 32 cm)

Separation voltage +7kV

Detection C4D

Injection Electrokinetic injection, +1 kV, 3 s
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Llﬁgﬂ']ﬂi%’JuGU']QﬂﬁTﬂ ng3@8ﬁ$ﬂ15@ﬂuﬂlﬂﬁﬂ1§ﬁlﬂ§1$ﬂ

CE-C'D HPLC
Samples  9%Recovery + SD Quantification Quantification Lable claim
(mg/sample) = SD (mg/ sample) £ SD
Tl 99.3+5.9 1.44 +0.01 1.40 + 0.00 1.50?
Cl 87.4+52 0.54 +0.01 0.56 + 0.01 0.50°
C2 89.0+ 5.5 0.53 +0.02 0.56 +0.01 0.50°
C3 87.6+2.8 0.27 + 0.00 0.27 £ 0.00 0.25°
C4 86.5+3.3 1.08 +0.02 0.95 + 0.00 1.00°
P1 104.7+3.0 1.55+0.02 1.63 + 0.03 1.50¢
P2 101.3+7.2 1.53+0.06 1.55+0.00 1.50¢
P3 102.4 + 0.7 1.52+ 0.03 1.67 £ 0.01 1.50¢
P4 102.8 £5.1 1.53 +£0.04 1.63 £0.01 1.50¢

n = 3, n is number of injection

* mg/tablet, ° mg/capsule, © mg/sachet
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PNFITHUUD 2

16™ INTERNATIONAL C.ONFERENCE ON yLOW INJECTION ANALYSIS 0-13
Including related techniques

Monolithic materials for micro-flow analysis

Patcharin Chaisuwan.'™ Norman William Smith,’ Duangjai Nacapricha,'
Prapin Wilairat'*

" Flow Innovation-Rescarch for Scionce and Technology Laboratories (FIRST Labs)
* Department of Chemistiy, Faculiv of Scivace, Srinakharinwirot University, Sukhumwit 23 Rd,
Bangkok 10110, Thailund
Pharmacentical Scivece Rescarch Division, King's College, London, SE1 9NH, UK
“Department of € femisiry and Conter for Innovation in Chemistry, Faculty of Science,
Mehidol Universite, Ruma VI Rd, Banghok 10400, Thailand.
" c-mail phatcharin@swu.ac.th

Ahstract

Monolithic material is a synthetic polymeric and porous material showing remarkable
properties for using as stationary phasc for cither sample preparation or scparation
purpose. The main advantages of these materials arc ease in preparation, having
varicties for sclection of stationary phase, and in situ preparation is possible. The high
porosity of matcrials makes them ready to couple with both high pressurc and low
pressurc systems. The material can be casily prepared in sife in a small glass channel
or capillary such as fused-silica capillary and applicd for analysis in micro scale.
Presentation will be made on some applications of monolithic materials prepared in
capillaries for micro-flow analyses such as micro-liquid chromatography, capillary
electrochromatography and onlinc-preconcentration for capillary electrophoresis.

Keywords: micro-scparation, monotlithic column, column preparation
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16" INTERNATIONAL CONFERENCE ON FLOW INJECTION ANALYSIS P-046
Including related techniques

Micro-Separation of vitamin E on monolithic column

Sirichai Kositarat,"* Patcharin C haisuwan, ~ Norman William Smith,*
Duangjai Nacapricha,'” Prapin Wilairat 2

! Flow Innovation-Research for Science and Technology Laboratories (FIRST Labs)
? Department of Chemistry and Center for Innovation in Chemistry, Faculty of Science,
Mahidol University, Rama VI Rd, Bangkok 10400, Thailand.
3 Department of Chemistry, Faculty of Science, Srinakharinwirot University, Sukhumwit 23 Rd,
Bangkok 10110, Thailand
*Pharmaceutical Science Research Division, King's College, London, SE1 9NH, UK
"e-mail: scpwr(@mahidol.ac.th

Abstract

A monolithic column with mixed functional groups of polar hydroxyl and nonpolar
C17 groups (PEDAS-EDMA) was prepared in a fused silica capillary (100 um i.d. x 50
cm long). This column was tested for scparation of vitamin E in a micro-separation
system known as micro-liquid chromatography. Three vitamin E isomers (delta-
tocopherol, alpha-tocopherol and tocopherol acctatc) were separated on the monolithic
column in 8 min by using 95%(v/v) mecthanol : water as a mobile phase and detected
at 205 nm. The method showed good lincarity range for quantitative analysis in the
range of 5-100 ppm (R*> 0.9960). Limit of detection and quantification for the three
compounds were 0.99 and 3.30, respectively. The method was successfully applied for
pharmaceutical vitamin E samplcs.

Keywords: vitamin E, PEDAS, monolithic column, micro-liquid chromatography
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16" INTERNATIONAL CONFERENCE ON FLOW TNJECTION ANALYSIS P-047
Inchxiing related technigues

Repeatability in preparation of capillary monalithic column

Patcharin Chaisuwan,"” Sirichai Kositarat,"? Norman William Smith,*
Duangjai Nacapricha,"? Prapin Wilairat'?

! Elow Innovation-Research for Science and Technology Laboratories (FIRST Labs)
2 Department of Chemisiry and Center for Innovation in Chemistry, Faculty of Science,
Mahidol University, Rama VI Rd, Bangkok 10400, Thailand.
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Bangkok 10110, Thailand
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Abstract

Monolithic materials havc becn widely uscd for both sample preparation and
separation due to their remarkable properties and case in preparation. Since it has been
shown that temperature is one of the most important parameters govern structure of the
monolith, this work thereforc aimed to cvaluate repeatability in preparation of
monolithic columns based on thermal polymerization. Various means of common
heating apparatuses, which are available in most laboratories (i¢., hot air oven, gas
chromatographic (GC) oven and watcr bath) were investigated for appropriate in situ
preparation of the monolithic material. Reversed-phase monolithic columns with C18
as major functional group namcly stearyl methacrylate with ethylene glycol
dimethacrylate, (SMA-EDMA) was prepared in fused silica capillaries. After
preparation, the columns werc tested for scparation of test solution comprised of
thiourea, phenol, anisole, benzene, toluenc and naphthalene. Chromatographic data in
terms of retention time, capacity factor and column efficiencics were considered for the
comparison of the prepared columns from the same batch and between batches. It was
found that GC oven gave the best repeatability for preparation of the monolithic
columns.

Keywords: monolithic cohumn, column preparation
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