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Abstract

The elution behavior of about 70 aliphatic and aromatic compounds in gel permea-
tion chromatography (GPC) was discussed to accumulate basic data for the analyses
of asphaltenes such as petroleum asphalt, pitches and coal derived products by using a
GPC method. The Shimadzu GPC-IA (Shimadzu Seisakusho Ltd.) was used. Four 4
-ft columns (3/8 in. in diameter) in series were used as the sample column. Each
column was packed with SG-gel with a different pore size. A 4-ft reference column
was used on the reference side. In this work, three kinds of sample column systems
were used and the elution behavior of those system were compared with one another.
Tetrahydrofuran (THF) was used as the eluent. All measurements were carried out
at room temperature. The principal results obtained by the column system consisted
of one 12.5A (5G-1 gel), two 340A (SG-2 gel) and one 2,500A (SG-3 gel) pore size
designation were as follows.

The elution volumes of n-paraffin decreased with increasing cabon numbers and
this elution behavior resembled that of synthetic polymers such as polystyrene. The
elution behavior of pericondensed aromatic compounds was markedly different from
other compounds. The larger the molecules were, the slower they were eluted. In
other compounds except for pericondensed aromatics, elution volume decreased with
the increasing molecular weight, namely, the larger the molecules were, the more
rapidly they were eluted.
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Elution volume decreased to about 1.5 counts (7.5ml) for p-phenylene, and to 0.5
~0.6 counts (2.5~3.0ml) for catacondensed aromatics with an increasing number of
benzene rings. However, the elution volume of the pentacene decreased to about 2.5
counts (12.5ml) as compared to that of naphthacene.

The elution volume decreased to about 0.5~0.7 counts (2.5~3.5ml) with the
increasing number of methylene groups for the series of alkylbenzene and to about 0.3
~0.5 counts (1.5~2.5ml) for the methyl groups substituted on naphthalene and anthra-
cene.

Functional groups such as: hydroxyl, carbonyl and amino groups substituted on
benzene also decreased the elution volume in almost the same proportions.

1. &

Frs—iz—vavyiun=xbr57 4 - (LTFGPCEBED) L, ARESTOTTES MY
BECHETE DT, ASFEHIRT VS,

B, GIREZE —A, TAZ7 7L, EyFREDHH, S GPCHEAVLRA LIS
Too TERTY, MHRBw KT, AREEMEY, ©vF, AREEKRCSBEICERY
e E DB, 54 GPC 2 BTy 55719

ESFORECE T, FHSFEFRMO XY AF L vRBEY BT, T8+ GPCBHE
BLOHBBAFRL, LB FHEOGFES Ml LOoRFICHGCTW5, LrL, ¥y
F, TAZ7NbREDTAZ7 7 A7 VEIK LT, EROHEBERELY BV TFES LT
B LR THLV, Tihbb, TRA7y4 7 VB, BA0EBFEREESERE, IEIEAIE
PEUENPBRLILSBDROBEY TH S, LIh-T, GPCler 57 A7 » A5 VEDOHH
ITIe 5t SRFFELEY, BHERLEY, BEEESHILEY SOBEEYHE I OVTO
GPC 2B+ 5 ABBEM 7 — 2 0ERBILETH 5,

FEEEDD GPC BHEETHAHE L 7o0lizd % 9 %< 7ou, Hendrickson, Moore'? 1 gfh
B X OFFERNLKEZIZOWT, Edstrom, Petro®®i3#FEF & #{LKFE iz~ T, Thompson
LW HSWRFEHRNEY DO GPCHEHEFH ISV THEL TV 5, Hill 573 EREE L — 10
GPCk X 2RI RAEBLET Hicdiz, K, FHEERICKREOBHERHY»FHT 5,

GPCIlzBI 52 BHBEXYRDDLOEDDEERAT A - - LT, FFOREI(HTE)
NEZLRTWES, Lanl, BEZ COMBWBILOWTOWRENL, GPCoBRRAE L, Mg
FOREILVIOBME AT A -2 ~DHR T, FFOKREE, ¥, BHLLOoEELIRL
ARG X BT F ST B EHRE I T B

AT A7 77 VvEYGPCIR Y > TN T A0 ERN T -2 2UEBTHZ L4 B
ELT, 774 v, FEENEY, E8F% SERLEYREEBOMPECOWT, GPCE
HEH»H LD TH B,

i

2. £ B&

2.1 # B
GPCEBIBBIUFEFH Y L A~ ixz—vav et 757 GPC-1AHEFEHALA, b
SDHRA» 7 2%y, SG*-2-2+1+1 (1), SG-3+2+2+1 (11D, SG-6+5-4-3 (II) D38

FRYVAFLUVAL L RF LV ESE ANV EYDREEHEY = —




3 SRR E RS L OEBEILEYD Iy A Ao — s vy e b P57 4 — BT 5 KRR 35

O 4 KEFH T 2%, EEMCIEER 7 & 1Ay Bvi, RBEBESAOET 1 X1,
SG-1:12.54A, SG-2: 340 A, SG-3:2,500 A, SG-4:10,000 A, SG-5:50,000A, SG-6:
150,000 ABETH 5,

BHEECI 7 5 e Ve 5y (THF) /v, H#E1ml/min i CER RIS LA, B4
BILTERITETH 5, AEOBEIERICI > TELRLDLH, 0.05~0.5 (wt/vo) BB %
Av, 1Bl 2miEAL L,

2.2 #® ®
(1) BRERYAF VY DRKEY vy v vy 3 AREL SRS TR 600~180 77 ORID LML b

15 &
2) n-377 4 v WEALEBURRAE, REBSH~3BDOIb0b 118
HERELED I Th RS RRE T, TROBEs A 7obor v,

(3) p-7=z=vv 35
(4) » 2 WS EE (lenear) 5%
(6) » 2 BiEEFFEE (angular) 6 &
(6) ~VHmEFEL 4 FE
(1) EHZ~T o RILEY 3f&
8) 7rAFAvEVE 16 &
9) EmEED 11 &
w a=Rted 2 &
1y B~BEX Ly 8 &
2. 3 EEAHE

1) BPEES GPCHEHEARCRETEEORY 4STEOMXVWESTFTIR, GPCHEH
BRIABEBEOHBIZITIVY, SFEOREVESF TR, BHEAREIRECKEYZ T
BT ENBEINRTWBD, Thdz, KEBICREWTH, vEY, 7V Sy, 77 X1,
LD 4REIZOWT, H T A%k (D AV, BEY 0.05~0.5 (W/WORBRKEZT, BHER
PRIE L

(2) 25 2ROELLBEOEHRBRORY 2. 1R LLIBED? 7 2RO WT,
RYAF VY, =574 vEERELTERBEZREL, &7 7 2R05 W EE (B
FHBIRA) LOWTHRE Lo, REHEETEY AF LYo TIE0.1 (w/W%, #2374 v T
120.2 (W/V)% & LT

(3) FEERILEY I~58) 0 2BHEOSBERSYWOBHRBFEORT Nv¥y, »7%
v, TV I, Evy, RULVYERGT I03bLb0 2B EAYEREREYE O
GPCrwr—=t 75 a%BEL, BEWEHET AThThORGOBHEREYRETHZ LOF
BEM AR LT, 77 2Ry, (1) & D AV,

4) BAYWOGPCr7 v~ /75 anEEMOKE Y7221 0722022 vD%R
EREWEHSNT, 25 2:2% (D wisGPCrr<t 75 a%vBi, ROTRLABML>FE
GPCiEAL, ~EEBEBEBHB TR LGN 777 v a v B, copil7 27> avic
DNWT, FOREEFTNAS 7=l 7 2= A8 VREIRRHF A a= 57 4 X
DEBLTCZ7e< 75 a%fFRL, IROGPCr o=t 7 AL HE LIz, eI A7 m< b
IS5 74 —DEEIC, F7ELVURNEEEYEE L CHV,



36 PEME - L F - BEPR - RE B KARE

6) REEEE, BHELSHOBREEEDONE "
2. 9 THR~EREIEOWT, 75 A% (D AW

THEHEAEYRE L, RABOEARE R ©
0.1~0.3 (Ww/ W% &L,

3. REBRERLIUEBE

3.1 GPCs/ a7 77y 5 BRERENR
BWELEGPCr7 m= 175 2aDfxE IR

T, ARY =F L oW TEE S FE 50,000 Bl
TREECL-T, BHEREC05~1.527 V¢
(2.5~7.5mDDERD Y, HFEDOLEH/PNIS
2,000~10,000 BE T2, BEOCEENRDLLL
WEWSHEP RS DL, AERTIRILIIRL L
51, BERIULERAECY -7 %A TH7 R <t 7\

75 anBbnt, Lichi-o TAEREROBE T 39 38 37 36 39 38 37 36
i, BERELEHOBEERCRIETREDHRIX Elution volune (counts)
BEAERBLENIE, LL, BEFE LA Fig. 1 Chromatogram variation due to

ORI

1

. J . . concentration
SRT, 7 m< 75 s tailing 3% < 7o 2EM 1; 002%, 2;003%, 3;0.05%
BHHN D, 4;01%,  5;03%, 6;05%

3.2 HFLRONDELHHEEOBHBEENRE

(1) E¥ER)AFVVYOBRHEEE B ARIEIEOWTDI v b 7T ADHFR 2R
Ui, 75 aBnBirs e, AR TLBREEBREFCELL, A—RABE3@EDO» 7 4%
CHELFBRERYRE TS E, 25 4% (1), (ID, (D DlEK, 2% K7+ 1 XDK

(0 16x104ﬂ

(11) (111)

= . 67x10%
1x10 Mu:16x10%
4000
900

| A | 1 L\ 74 I S W W T
25 20 17 30 25 20 40 35 30 25

Elution volume (counts)

Fig. 2 Typical GPC chromatograms of the polystyrene samples



5 TE I RALKE R L CHFBEERDr A — i a vy <t 257 4 — BT 5 EBOHE 37

108

10°

T TTT

(111)

MW

104

TTTTTT]

3
10 o

o
T WO O O U VA O IO O O A I OO O B A

15 20 25 30 35 40
Elution volume {counts)

Fig. 3 Elution volume of the polystyrene
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Table 1 Results on the GPC analyses of the mixtures of aromatics
Mixture SG-3+2-2-1 (I1) SG-2+2411 (1)
Benzene Ve=34.6

Benzene not separated,
. Naphthal Ve=
Naphthalene  single peak at Ve=37.1 APRERIene eadiars
Benzene Benzene Ve=37.4 Benzene Ve=34.5
Anthracene Anthracene Ve=36.4 Anthracene Ve=33.C
Naphthalene Ve=32.7
ﬁsggﬁiﬁge single peak at Ve=36.4 Anthracene Ve=33.1
(shoulder)
Benzene Ve=34.1
geszsge single peak at Ve=37.1 Pyrene Ve=32.5
yre (shoulder)
Benzene Ve=34.1
gg?zlee?]ee single peak at Ve=37.3 Perylene Ve=33.4
y (shoulder)

Ve : Elution volume determined by counts
1 count=5 ml
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Table 2 Results on gas chromatographic analyses
of the fraction separated by GPC for the
mixture of biphenyl and biphenyl
methane

Content of the fraction (mg)

Fr. No. Biphenyl Biphenyl methane
1 0 0
2 0 0
3 0 0
4 0 258
5 0 424
6 165 360
7 145 261
8 315 75
9 345 19

10 93 0
11 6 0
12 0 0

500 -
‘2300 -
=
100
0 0 D Lezzz 1 ] 1 LY 1 O 1
121110 8 8 7 €6 5 4 3 2 1
tr.lo.
Fig. 7 Distribution of the components in the

fractions separated by GPC
A ; biphenyl,
B ; biphenylmethane, C; A+B
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Fig. 9 Elution volume of the alkyl derivatives of
benzene, naphthalene and anthracene
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