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2 2 GC-OTC/FID(Gas chromatography-Open Tubular Column/Flame lonization Detector) Aol 4] =4 -8l (Alcohols) s £
2] 3}7] 9I5te] DMSO(Dimethyl sulfoxide)S A& o] AojA= =4 |ulE 2ok DMSO7}F 37| 80| Ht} o]& A
oAl AmutEIHE AR 2FE HFF AR =tr-to) T} 8 ARHK'=(tr-to)/to} &2 AAHa=(tro-to)/(tri-t0)} 5 -5t
7] S1stol HAARH10)0] BL3feh. el ofsd Al to B F31] $18 ol WAl B vl o] W], 2 el
HE to 8 TR WS AUSEAL SHATE o B AXIEH] 915k DMSOS| B5-E AIZHDMSO )& A2 12 A}
A tH(f(x)=log trpomsoy—to, to=log 9.551=0.980). 7§ *HH o] 23t o HE 2} 9_01_7] ?18te] CHs2l 3%} In tromso) S log
tromso)2 HlISFITE. Al 71A] B 5 CHs tr T In tromsors K I oF Al4bsl=t] Z3elA] okt 2 AtollA] 7dtel v
el log trpmsors BEHAR1 71591 K(1<k'<10)} o(1<a<2)g THE3FGICH 2 A-rol| A 7kt AibdS 3 Helshr| o
ol oleF FARGE Al A= Z-8d Ao 7| Hrh

ZHO: I zntE e g olxl, 74 7Ht,), DMSO, 271

ABSTRACT. In the system of GC-OTC/FID (Gas chromatography-Open Tubular Column/Flame Ionization Detector), DMSO
(Dimethyl sulfide) solvent was used to separate the polar solvents (Alcohols). In this system DMSO was eluted later than the
separated polar solvents. At this system to calculate chromatographic factors [adjusted retention time (tr'=tr-to), capacity fac-
tor{k'=(tr-to)/to} and separation factor {a=(tr2-to)/(tri-to)}], dead time(to) is necessary, but the method to calculate it has not
been reported yet. Therefore, we have tried to develop to. To calculate to, we conversed DMSO retention time (DMSO tr) to
logarithm (f(x)=log trpmsoy—to, to=log 9.551=0.980). To confirm the optimization of the developed method, we compared
with CHs tr and In trpmso). Both of the values calculated by CH4 tr and In triomso) were not suitable in the calculation k' and a. The
developed method in this study {log tripmso)} has satisfied both of the values k' criteria (1<k'<10) and o (1<a<2). The developed cal-
culation method in this study was easy and convenient, therefore it can be expected to be applied to these similar systems.
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Chromatography+= 204 7] % Michael Tswetto]] ]3] Z| o] o] & E AZnE 1] HEu|o} o|2A ] md I A19]
22 A8H ol AA7IA = EHA HhAS A5 Qe 3 SHOptimization) S ¢5ko] thE Ui—‘?—% A=l 2%
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H| 7} 7F5-8f -85ttt

'} k'S tr'=tr-to, k'=(tr-to)/to®]] 2|3 AAF= )
7} (to; dead time, void time, hold-up time)> 2 & &
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BT QIAE AL f17F YA A4t 7] (Criteria)it
17 (Correction)©] o] & W3£5}aL ek Aho]l obA T3t
AP Wtz Z4 AP o] OTC(Open tubular column)&2
2] = o] AMGEHA toE A5 7F 5L o H YRl
H Lo AL-8-% 21} (DMSO; Dimethyl sulfoxide)= H]
WA Y AR 54 S = 7Rt 8 E S A AL Qlo]
OJopFol XrH IS4 B E §EsHAY, AdEE 3571
5 = SRR S2HA(@]); silica ge) ZHE =
S ES A= o WS- f-88HA ARSE Sl
ey ARt g o} e vl F(bp; 189 °C)o] ot 22 &
29| Flo| A &&o| "ot AA7HA +e2 245 Flol &
Z5= ] ARG A& A, toE BB S A
|3 At Haw df gtk meba] 2 dAFoA= GC-
OTC/FID (Gas chromatography-Open tubular column/ Flame
ionization detector)2 2] A] DMS09] (2 0]-83}o] £
A2l o AT 5 Gl A2 e WS stz
Bhgick. 3 1o A= DMSOS] (& 23k4 AFHA-§2 12
AghE T3l EdA o) AR5t HHS 7Ndsto]
AR FEE = 7] AAE®R, k, 0)2] ALkl A-g5ta, F 9
St BN A& dutete o A E ARSI
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HASE H Al

B o Lof AFR-E Al kLS Methanol, Ethanol, Isopropanol,
Dimethyl sulfoxide (DMDO) 2 CH,E A8-5}53 T Methanol->-
Junsei (=% 99.8%, H]== 0.791), Ethanol-2 J. T Baker (5=
99.9%, "] 0.789), Isopropanol-2 J. T Baker (<=5 99.84%,
H|Z 0.78), DMSO+= Junsei (== 99.0%, H]|= 1.101), CHs=
7154 59 A7 et ol EyEE 23 kA
(CHs; HoS=6:4)y5 AH&-8HITE 5= T/ 4] =42 Methanol
o], Ethanol, Isopropanol> Al @ of] 7Hd &4 = ARSIt
CHi= toS 7] $I3F UL reference &4 = ARE-SFITH

7171 2Md=A

Gas chromatograph; Thermo Finnigan Trace GC attached
auto sampler & FID

Column; HP-5 (5% diphenyl-95% dimethyl polysiloxane),
OTC (open tubular column), length 50 m, i.d 0.32 mm, film
thickness 0.25 pm

Temperature; Injector 200 °C, Column 45 °C, 4 min, 15 °C/
min to 180 °C (gradient), Detector 250 °C

Flow rate; N> 30 ml/min (column 2 ml/min, make-up 28 ml/
min), H, 35 ml/min, Air 350 ml/min

Injection volume; 2 pl
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Methanol®] 3 842 23 F7] 59
(TLV 9 STEL)S _I_E%
0.1-2u ©¢] % oF |u
Ethanol, Isopropanol®] oF-2 A
1 Wl DMSO 1 mI7} E09)= 2 ml vialel] @1
gk & R ulEo = 3% (Capping)s 5ho A 5 5°CH
Aol sl A ALgShelE CHis #714]
A= @04 1L Polyester Aluminum bage] 1ot o] ol
Il mlE FA7]2 ol 1 ml DMSO7} 5991+ Capping®
2ml uho] ko] o] §8ahalet.

017

£ A7OIE Ao Mol o 34 8
o 7o) e Aol Wol ARS-E= A4}l HP-5 (5%
diphenyl-95% dlmethyl polysiloxane)”7} A g%l OTC (Open

tubular column) ZH & A& A] B ERE A|7to] ZAQ &
FEFe TH a0l w2 CSf CSof B %UH
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1 o] o370 ol AAHAAHORE to2 AAT 4= A9k
e S SR S A A
o°
=l

7317 9]
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2 BRI B4R ] 4] NS hATHRlog
tromsoy—to} . -8 =2ket W o] Bl A& 22lskr] 9
3}0:1 oJul#] © & FIDo| Wo] ALLE CH,9] 3} DMSO2]
o AAZIZ A ZHin tkomso) T+ Bl EFe] B
glo] 5}931—,} ESE B4 240 HK(YAA Ad; o]
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At i @ i ZIAE 77 2o R
7 2§02 LA o5 aRnE WS Fg 1,
l;me
1000 1000
2
o
>
500 o 500
535« o
>N g
[kl = [
0 T 1 x 0
o 2 4 6 8 10 12 14
Minutes
No. Name Retention Time Area
1 Methane 3.247 604261
2 MeOH 3.560 19315247
3 EtOH 3.887 27227986
4 IPA 4.207 28377664
5 DMSO 9.573 15236008267

Figures 1. Chromatogram of CHa, methanol, ethanol, isopropanol
and DMSO.

Table 1. The unretained markers used to gas and liquid chromatography

Classification Marker Remark
TCD Ha, N, air, inert gas (He, Ne, Ar)
FID CHa, butane
ECD Methyl chloride, CCLF»
GC FPD Vinyl chloride, SF Solvent peak have been also
used to marker.
TID(NPD) Acetonitrile
ELCD Vinyl chloride
MSD CHy,, butane, air
NPC Benzene
1. Uracil, .
HPLC RPC 2. Sodium nitrate, Umggl?i(i egdht(;s g;ﬁ?ave

3. More than Nitrite 3x10 mole
4.0.01% Potassium bromide
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N_ame fi
1000 F 1000
2
o
>
500 ° t 500
g 1 3 I 0
0 é :1 é é 1'0 15 114
Minutes
No. Name Retention Time Area
1 Methane 3.252 2069718
MeOH
EtOH
1PA
2 DMSO 9.588 15268675331

Figures 2. Chromatogram of CH4, and DMSO

Fig 2%} 22t} 24 Z 37} CHy, Methanol, Ethanol, Isopropanol%
Ao BABHGS U9} CHALS BAH51S 1o CHLe]
tr Z}o] 7} QA AT} Fig 19] ﬂiu}ilaﬂﬁ =9 =738}
oA 33] EASH A= Table 20) B ojXTh 335 EA3H
B HEE A]7HS CH; 3.251, Methanol 3.548, Ethanol 3.892,
Isopropanol 4.212, DMSO 9.5515-0] %l t}.

HI=-M (Repeatability) A&

H B vl o] A2 (Validation)S &+

shelsty] 913k 22l

29

MeOH028%
EtOH 0. 1%, IPA 0.1%, DMSO 0 07%2 l—é(l ~2%)>& b
Za)gick. ok vhay APolA R 4 ol EEA] 4
Bl (46n.1=wWo)= 7| &4 ZE(wp; width of baseline) .2 H =
e T2 9] thE 3591 o] 2= {n; number of theoretical
plates, n=16(tg/Wy)*} 2 £ 2]%5 {Rs; resolution, Rs=2(tgo-
tr1)/ (Woit W)= Al4FSE7] 918ho] A&-ETh

o

ol | d
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CH; trZ} In trpmso) M HE

ol Hlw

GC2| FIDE AMg A] CHy= 93
02 o 2AE 913 Marker2 WS =R A ALE3F A Tt
o5 TF £ %Y tﬂﬂoﬂ FARRE O & Ko
b2 Ao 7)5tofof qhth. ol Ut 2o =
toS k7] sl Aol TR o] ARG E AN B
o] 22 & AFES A= N A
tos T517] f18 CHaE AHE-SHAIRE A A= A 4ol w7
2 B AY glonR o] g o agt 2
E AFoAE v s 2 CHE A3t CHo 13
325152 to2 A5l 2 T 29 83F QR K=t /o) S

A4+ A] MeOH 0.091, EtOH 0.197, IPA 02962 k'©] 2]ul7]
91 1<k<10” E= 2<k'<8"* & tﬂ'ﬁrs}xl 5ok ik

DMSO9] tr2r AFAZ 23} In trpmsoyS t0=2.2562 S

¥ dog trpmso))
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Table 2. Each retention time of CHs, methanol, ethanol, isopropanol, and DMSO

CH4 MeOH EtOH IPA DMSO Remark

1 3.247 3.560 3.887 4207 9.573

2ond 3.252 3.517 3.895 4215 9.540

3w 3.253 3.568 3.895 4215 9.540

AV. 3.251 3.548 3.892 4.212 9.551

Gn-1 0.003 0.022 0.004 0.004 0.016

rs.d. % 0.09 0.62 0.10 0.09 0.16

Table 3. Repeatability for alcohol standard solution
Retention time
No. MeOH EtOH IPA DMSO Remark
1 3.580 3.888 4205 9.565
2 3.558 3.888 4205 9.580
3 3.560 3.888 4207 9.567
4 3.585 3.895 4212 9.570
5 3.563 3.893 4.208 9.580 -n=16 (ta/Wp)
6 3.570 3.900 4218 9.582 -Rs =2 (tra-tr1) / (Wo1+Wh2)

Average 3.569 3.892 4.209 9.574
On-1 0.010 0.004 0.004 0.007
rs.d, % 0.28 0.10 0.10 0.07
Wb (=Cn-1) 0.04 0.016 0.016 0.028
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o] = MeOH 0.572, EtOH 0.725, IPA 0.867% k'] Uul7| 2
?l 1<k'<105 WHEshA] kit ey & Atoll A Al
A3t log tromso) = AIAHE log 9.551=0.980 minS ©]-&-3}o]
AlAbE K'ZE MeOH 2.620, EtOH 2.971, IPA 3.298= k'©]
G712l 1<k<10S W55l wheha] A9hst to7h 27
wofof Z1of AHE K Fe A3t 52 E 4= ok whet
Al A AT o] e S H T 87} Flo A §EE =
A A toE F-317] Y381 CHs RO U In tromso) & 2183}
= AET log kowso S A-8-5hH= 2o o AgFsirial Abs
Fo} 9k 22 Q1A Ho)= o3t F A =uHEIIH O] At 4]

5 2 AT woluh K= A4t ofof gttt o] Uyt
2] 2 ehgt W 9= 1<a<20|th. 71 A= Table 4] H.of 2t}

2HY HHOIsY 58 &5, 4 2% #Hahof| mE
k'e} a2| H| 1
B B9 e BA A9 Wl ujet 22K Wal

Tk A

32 oo whef kzhE Wakeh et WahE 2 2o A
oS HATO RN @I ko] W3} Z& F 4 Qo] 1
5 20N 2| ARH Wws} sl o5y B2

2 15-20-25ml/min #3} A] MeOHo| 3} to
XA oF RS uf tre] WHIF} £ o] 4.253—3.547—3.1000. 2
1.153 H3}3}3 O 1} 16 (1.018—0.982—0.956) A A] tr']
3.235—2.565—2.144% 1.0912 W3} Z0o] 0.062 (1.153-1.091
=0.062) =21t} EtOHO| A= 2219 (4.620-3.383)°)| 4] 1.175
(3.602-2.427)F 1.044 =131, IPAS] A= 1.302 (4.970-3.668)°]|
A 1.24 (3.952-2.712)& 0.0627} &t} ufetA] o] vj&vt
2 KE 24| Bt} o] ATz Tuble 50| ®of k.

AY 255 35455565 °CE M3} A MeOH-L tr©]
0.285 (3.672-3.390)9] A] tg'©] 0.163 (2.658-2.495)% 0.1227}
Z A =] 31, EtOH-E tro] 0.545 (4.118-3.573)0]| A] tr'0] 0.428
(3.104-2.676)2 0.1170] 2 =31, IPA= tr©] 0.763 (4.545-
3.782)00| Al tr'0] 0.676 (3.531-2.855)2 0.0870] =& = i t}.

W B 1o

Table 4. Comparison of tg', k' and a value according to CHj tr, In tripmso) and log trpmso)

to MeOH, 3.458 EtOH, 3.892 IPA, 4212 DMSO, 9.551 Remark
' 0.297 0.641 0.961 6.300
CH, kK 0.091 0.197 0.296 1.938
tr=3.251 2.16 - -
¢ 150 -
! 1292 1.636 1.956 7.295
In trowmso) kK 0.572 0.725 0.867 3.234 l;}_R'*R"O
=2.256 126 - - - K(tweto)to
o - (l—kz /k]
1.20 -
' 2.568 2912 3232 8.571
10g troMS0) S 2.620 2.971 3.298 8.745
=0.980 1.13 - -
* 132 -
Table 5. Comparison of tr', k' and a according to mobile phase change
Flow rate, ml/min MeOH EtOH IPA DMSO Remark
tr 4253 4.620 4.970 10.433
tr' 3.235 3.602 3.952 9.415
15 K 3.178 3520 3.882 9.248 1og1=(;‘4(1)313;=t0
3.520/3.178=1.107 - - '
* 3.882/3.520=1.102
tr 3.547 3.872 4.193 9.612
' 2.565 2.890 3.931 8.630
2.0 K 2612 2.942 3.270 8.788 10%66;82;0
2.942/2.612=1.126 - - '
¢ 3.27012.942=1.111
tr 3.100 3.383 3.668 9.030
te! 2.144 2427 2712 8.074
25 K 2242 2.538 2.836 8.446 1°g=9(')093§)6=‘°

2.538/2.242=1.132

2.836/2.538=1.117
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Table 6. Comparison of tg', k' and a according to mobile phase change
Colum temp. C MeOH EtOH IPA DMSO Remark
tr 3.672 4118 4.545 10.350
te' 2.658 3.104 3.531 9.356
35 K 2621 3.061 3.482 9.207 logl0. 33070
3.061/2.621=1.168 '
¢ 3.482/3.061=1.138
te 3.547 3.872 4.193 9.612
te’ 2565 2.89 3211 8.630
45 K 2612 2.942 3270 8.788 101‘5290'6;;2:‘0
2.942/2.612=1.126 ’
* 3.270/2.942=1.111
tr 3.462 3.703 3.943 8.747
te' 252 2761 3.001 7.805
55 K 2675 2.930 3.186 8.286 logh T4 0
2.930/2.675=1.095 '
¢ 3.186/2.930=1.087
tr 3390 3.573 3752 7.895
' 2.495 2.676 2.855 6.998
65 K 2779 2.983 3.182 7.802 1"*"3:7(')8;95?0
. 2.983/2.779=1.073 '

3.182/2.983=1.066

wjebd 27 2% Wajel 02 KM SHe MeOHO| 4 2621
— 2,612 — 2.675 — 2.779, EtOHo|| A = 3.061 — 2.942 —
2.930 — 2.983, IPAS]| A= 3.482 — 3.270 — 3.186 — 3.182=
I3} Zo| v uju]stol 14 2719] Walol T K v
o717k AR alsth Bl 58 S Wakt 29 £F
o] tsf g 2 0] Ytk o] A= Table 60 H.of Xt
a4 =

GC-OTC/FID Ao A =A &1l(Alcohols)E E2] EA4
5171 gistol 2t Gul= e e S 7130 uleb )
43 21 DMSO(DImethyl sulfoxide)S AF-&3}1 T ©] A o A
AdFLE Hr} v o] =8 DMSO7} LA &%) Hr}
olg Ao ARutE T A 2 H HEF AIXE
(R'=tr-to) 2 & QAAF {K=(tr-to)/to} H #2] QAAHa~(tro-
to)(tri-to)=ka'/ki'} & 5171 f15ke] EXFAIZH(to)o] E 25}

A & vt glo] & Aol A= tos -3}
DA sgick. 9 Ak bt 2,

1. o5 7517 §15t] DMSO9] (re -8 = 1= F 25}
SrF. o WL NS T oA Ao v
43 71wt

fix)= log tripmso)— to

to=log 9.551 = 0.980
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2. 70 W O] A3 o] .5 15| flste] AP
of AHE-E]= CHy9| tr¥} Th-2 WSl (AR TR O] At
2 {In tromso) )= ©]-8-3H to Fr Bl sFATH Al 7FA] B
Z 2 Aol A g o] AEE K, aE AAFSH=H
et a1 ARk 7] 2#Q] 1<k<10, 1<a<2 = TFEs)Si )
3. 09} F U3 Ao A thE =/d-E-1ll(Acetone, MC, MEK,
MIBK)"o]l tja| A = to5 A 317] $15te] Fde S

289 4 Uk
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