The Japan Society for Analytical Chemistry

895

ER#ECOHBEGE I DT NI T T  —

W

ﬁ\-_.*

(1986 4£ 8 B 26 F2m)

EEOPINITHEDTELLEHEGAD LC Tl sHETEOh @B 2 ESNT 5.
FEEAFE I KBIEh, TERZRSVTE B-Pr veBEROFYLBE Ir<F 57 4 —

(GPC) it#s 4T, GPC o HEARHK,

BVt VERBEROYEREL T A3 v OSEFBEE D

Wi, B/ AV EOoMEERORBRE LTOEEE, £8 o GPC DHEBREEHRET 2200 HE
ETETNOEALZTORYMDOHER, YA OBEWRLEELBEEOHEEROEEL S IZ>WTiih 5. %
FBVTE, L7 1V vEBEKOBE I/ v~/ STEBICESALYTS. BEHORWICE 3
REFORHE, EROBRBICRETHLER, FL7 10U vOILEESE, ROEEEAR S Y #4250 Fo
BEVS - NORE SGRORBLEBREOCREBC OV TRN, ¥ 7 4 ) vE&BEFEOHE S

Thfh 5.

DEowiEr, BHERRPCEEh s BBESBRIOFERBTCONHER~0 LCoFHAORL D

BT 5.

1 &

SEESE R L LC oBRL, F8Lathr
HNBEC LT h 2 FERCERTHHOLHKLT, 115
ML Te. 1970 ERD & T, ko LC EFo
BMEDE1x TLC CfThbhTxh, 75 2kt css
ORI FOSEHBECHVW LR Z L2348 b
5TH%H. £DR, HPLC 0¥ Rt - T, HAmEN
RED 7 2% ERA L IS0 MRHEE O COLE A +
YOERCET AR EIEINL TE LDV, T,
TLC omEaEbr iz, SHE#EB s/ v~ 257 4
— (HPTLC) & LT, 4 OEH ME T & 725,
SBERCHEA LA ER, BDTERTHS.

ERE#EkD LC EB% R IR~ BHEsr i
Wicd, EATHIEREIhALT — 2\,
EANDIEBRENT, WELREBRPATHEBCE - C
TSR ED Z ENRE L 5ThHD. TR, Bl
Hir ER: D 77 B ClRR BRC EAM I & B AR &M%
BHESIEh TR DY, SRERCRIETHRECHREOE
B O TOERBRS ~ "B 53 5 £ P8

il

*RAEAFEERLELE - 980 FHRAMAHES
FEE

7 =2 DEEIHEA T, REMBEGODECERD
FRASTRELEBEC o> TV 20 L xR THS.

SEFEOYHHR UL E R, BT B
* v ORFH&KFET 52, LC B, Fe, EEM,
BEHHOYECHEFHOMEC SR IR 5. 5T,
Sitho LC BEH%I0E L X5 &3, “hboR
FOHELRRNCHARS 2 LM ETHA 5.

BED, 1 XHRE 5 B TR o5 B
KEXp7rArBFEs7w~tb 757 41— (GPC) miHL,
B-2 7+ vOSBEERDBIEEBICELRYT, Ty
Vie EDEBRIE AN E DR R IT\ O oER LN,
KIEEORRCEIL CERALIE #1871, X, Afb2ge
FEHRLEFCSOCTCLELDOBCHELT 4 ) v & EsE
FBCEEL, @40 BEHE-BEBHEO BE2EYTT
. —7, BORMRED L, ERBFSESE
Bl L THET SHESBERS O - E&~0 LC o
BHORAR D HEDTE.

ZZTiE, ThETOEELOATFTCHLAL-MRY
e, &E&EMG0 LC BB BLTE L5t %
RAalce. WERBREZTOWAVEEL 55, 2T
RLIABD THHEZM Sz L Uiz,

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

896

BUNSEKI

2 FEERIT BT AMESA

EEgOB7a<t 725757 — 2B hicd, EM
THEBOMETLAD T Ligh b, HEBREC HER
L, Wy EBRESNTER L. X, £E#EFL W
5 SRS HE 2, BEOHEBMOME L LT,
HHETS IR b &8 & T 7.

ko LC 1754854, LELERMBELRLZZ LD
— oS EERRRC BT kOB Th D, K- T, W
RGBSR R R B OFERIL, D TRETH
5. TOBRMORD, F0RLUEEEATRERSER
YT (MWD) 2RFSRY, 7 7 L0 HEHH
TAHERSORIBRIER IR TWS. ZOER, hislE
g 0.8 nm/ms T 200~800nm % 1Hz THEHTS.

3 B-Ur b vaelEsERko GPC %)

3.1 GPC [CH(F5TEMRM
GPC 1, & L THRES FOSHIAE SOERI
b, ¥ AHRDEMO 5 LEEYZT ANRD S DR
BhELSLZ ERFIATAOBELE L DR S.
WEOREAE Ve &7 9 &85 2 — 2 — %GRS
HOTARRCE, RO 2M#, Kq & Kyy BHAVGHRT
Bh, Thrhk1) RO (2) OBEFREH 5.
Ve = Vo + KV
Ve = Vo + KayVx

772, Vo iz 5 2D & AR T OBREMAER, Vi
2 AUPERZEL OB (RILNBEAR), Vx 3L

FAKADHEEE T V L=tV o 2 ARy = —DFK -

DOFNCHEYTS. Kg & Kiy OWTHIZEWTE,
A+ 5 r LOBFHEFEN TR, BEOST A XD
WhE ST, FOMEREATS. — e, BEOELES
NFE (RREDES) OMNBESERARE, H 5 HH
W BT, SEERCERBGREY R T2 L8 bh T
Wb, ‘
BELOMEFTH VT, KB Vo & Vx O
FERFHCRHBLz L E, A< hY o 7 ARY = —
ODFLEN Vx DFEEBINTVWDZEXEL, LA
EOE, NEAEE LT Ky KAVWTOL S,

3.2 PEFIL7ELIVOSBRBEE&OIERY
BRI -2 7 + Vv TH DT wF AT 2 v (Hacac;
Fig. 1 1w\ T Ry=R,=CH,) © & @k D¥F)% it
ROAE) B Y = A ¥ v Ay THNT.
JEABR R GPC Rk L BHEAED I R= Y /5 20D

KAGAKU Vol. 35 (1986)

R, Ry

R R.
Y oy
» R T R
CAY
R, R:
(@ (b)

Fig. 1 B-Diketone (enol form) (a) and its complex

with trivalent metal ion M (b)
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Fig. 2 Relationship between distribution coeffi-
cient, Kgy, and molar volume, Vi,

2.8

for
metal acetylacetonates (A) and alkanes
(B)12)

Column : Merckogel OR-PV A 2000 (E. Merck)

at 25.0°C; Solvent : THF; Compounds :
1 Hacac, 2 Be(acac)z, 3 Fe(acac)s, 4 Cr-
(acac)s, 5 Cof(acac)s, 6 Al(acac)s, 7 pen-

tane, 8 heptane, 9 hexadecane
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Table 1 iRy Ve Offiid, WETRELI R, Fig. 4 Graphical demonstration of K, values of
Lhd, BIROTGERIE SRR L REED bhi-fl acetylacetone comparing with those of its
LRENEDIDLELNS. BERPDOEARDOISL €L beryllium (II) and chromium (III) com-
BABC X > TR E CIMET 2 = &zl &g plexes in various solvent systems!®)
TR HDOERIL, 4 KHRD HA E T 5B D T3 ) ?:ll;xll:elr's in the figure denote solvents as in
BT &gy,
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alkane. homologs in various solvent sys-
temst®) AH, = Vo opg?(Bg—8o) 2 «oreveemmmnrmnemsnes (3)
Cs, C1, C1e and Cis denote pentane, heptane, L, BWE 8 o i, FhFh, £U~—LBEAYE -
decane and hexadecane, respectively. Column :
Merckogel OR-PVA 2000, 25.0°C. Numbers THOLTD.
in the figure denote solvents as in Table 1. AB) KIRhE, do=0g D&E, HY—~<—LEHIT

BLBMLLTL, KoTC, S MBREFRTLOLTF
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Table 1 The Veogr values of metal acetylacetonates determined using the
calibration charts based on the GPC data for alkanes!®
‘ Vett/cm3 mol-1
No. Solvent - N
Al(acac)s Cr(acac) s Fe(acac)s Co(acac)s Be(acac) 2
1 chloroform 315 317 245 317 266
2 benzene 211 202 150 210 108
3 toluene 150 143 126 144 56
4 1,4-dioxane 234 230 217 232 155
5 tetrahydrofuran 133 125 117 122 86
6 ethy! acetate 128 106 102 99 65
7 acetone 143 120 110 104 94
8 ethyl methyl ketone 111 97 96 86 88
9 butyl acetate 48 27 23 47 13
10 methanol — 95 — 216 —
Vm/cm3 mol-1 2711 2671 2691 261t 1841t
t From density measurement on solutionsi®, 1t By estimation.
HIh5., S, ONUEEEA G- BERD 6, €HLTY  FELTWBIEERERLTWS.
2y b LiciEREEY Fig. 5 R$. FPREERD, S: ik
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S./mmol (g dry gel)?
[\~
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8/call’? cm372
Fig. 5 Relationship between the solvent, S;, of
Merckogel OR-PVA 2000 and the solu-
0o

bility parameter, of the solvent at

25°C18)

Solvents : 1 chloroform, 2 benzene, 3 tolu-
ene, 4 1,4-dioxane, 5 tetrahydrofuran, 6 ethyl
acetate, 7 butyl acetate, 8 acetone, 9 ethyl
methyl ketone, 10 acetylacetone
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EXRRTLIDTH-T, 0o 7 0g MOHLELZBIEZD
BROFENKLCI D gD, 14 AR ERED
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Fig. 6 Plot of (Q In Rpg/r(re)) versus 6, of sol-
vent
Column : Merckogel OR-PVA 2000, at 25.0
°C29). Figures 1~9 denote solvents as in
Table 1. Dashed line shows the regression
line.
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Fig. 7 Graphical demonstration of dependence of
K.+ values on gels?D)

Gels : I Merckogel OR-PVA 500 {poly (vinyl
acetate) gel, exclusion limit mol. wt., ca. 500};
II Merckogel OR-PVA 2000 {poly(vinyl ace-
tate) gel, exclusion limit mol. wt., ca. 2400};
III Bio-Beads S-X8 {polystyrene gel, exclu-
sion limit mol. wt., ca. 1000}; IV Styragel 60
(polystyrene gel, exclusion limit mol. wt.,
ca. 2400). Solvent : 1,4-dioxane, at 25°C; Sol-
utes: 1 Hacac, 2 trifluoroacetylacetone (Htfa),
3 dibenzoylmethane (Hdbm), 4 Cr(acac)s,
5 Cr(tfa)s, 6 Cr(dbm)s, 7 pentane, 8 decane
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Fig. 8 Relationship between the relative retention,
R, of an imaginary compound with V=
100cm3 mol-1 and solubility parameter,
do, of solvent2®
The Kav value of an imaginary alkane is taken
as unity. Compounds: O alkane, ¢ ether,
A ester, @ ketone, [] alcohol; Solvents(do/
call/2 cm~-3/2) : toluene(8.9), tetrahydrofuran
(9.1), benzene (9.2), chlorobenzene (9.5),
dichlorobenzene (10.0)
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BB D 6, OBAR% Fig. 9 wiRd. BESR~v Y
vprE, TRTOAEHD Vi (RIZE—HKLT/HI

Vr/ml

8o/call’? cm3/2

Fig. 9 Relationship between the retention volumes,
Vg, for Hstta and its metal chelates and
the solubility parameter, d,, of the mobile

phase

Column : Shodex Polymerpak 80524L, 500 mm
X 5-mm i.d., 25°C28); Mobile phase : cyclo-
hexane (1), ethyl acetate (2), benzene (3),
acetone (4), ethanol (56), methanol (6) (con-
taining 5X10-% mol/l Hstta in each case), 1.2
ml/min; Solutes : @ Hstta, [] Cd(stta)a,
A Ni(stta)z2, < Zn(stta)z,, H Cu(stta)z,
QO Co(stta)z {or Co(stta)s}
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Fig. 10 Plot of &' versus V, for tta metal com-
plexes?®

Column : Fractogel PVA-2000 (previous

name, Merckogel OR-PVA 2000); Solvent :
1,4-dioxane, at 25°C.
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REPOBRBESBILFBCOWTONHT LD 558G,
EETRELDTHAHH. K74 ) vyREDOLREEN
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50PN EAETHY, EFMAEOET > TW51L
¥REAEEAE A 2B EASER S hcfl, @
EAELD ST
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Fig. 11 Porphyrin (a) and its metal complex (b)

EHEOOW RS THRET HRALT 4 ¥ VROFE
A7 4 ) v RBREHCE, ARTHE LR D MEED b0
ERHG. BEEAED D 5\ 38 BB Tk
LAEALT 4V VIMEEDRLA A T2 2 L1C X - TR
HEHILTDDERT DI, HA7 4 ) VR EOE S
DALEC DT, EOXNHEELEE L. hE o
T2 RODHENTEIFRANLT 4 ) v, &
ZTOMHE & bic Table 2 .

4.2 BEHAOEE

YY) AN, wim—A, NHy-{b¥EEES vV H 0
(NHe-o v o &lgid), CebFfia vV 77 (C-
v h) REFEL HPTLC 7 v — + EoliEon
FHWT, L&D Bics &7 4 ) voiidl) &
ROBBELEL, T OBREKRFEOB S SAETE
FOE A LR L7e®. LC kit 2B i ito v i
HOREL LT, Soyder & k% IBILHE °29 7
E, BONDOEROGHE 5 2 —2 —HRHILRTIW5
2, NHe-vy g0 G- ) axEEHET 5RO
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TRD ORI DL ER . F o CETHC, B
AFENE EENBERE R BEhiEch s Hil-
debrand OIEMEE <5 2 — 5 — 6 HBEPEORECHV5
&, FEEMEL Co gtk Ry OWEKEN 13, Fig.
12 =, Zoffigkkc o CHIRT 5 b0 & [
5.

Y AN, krw—A, NH,-o ) %% BEEM &3

0.8r

<04

0
7.

0.8

04

8/call’? ¢m-3/2

12 Solvent dependence of the R; values of
copper porphyrins on different TLC plates

TLC plates: A silica gel, B cellulose, C
NHz-bonded silica, D Cis-bonded silica;
Copper porphyrins : @ Cu(TPP), O Cu-
(TCPP), M Cu(TPyP), [1 Cu(TNP);
Solvents : 1 methyl cyclohexane, 2 cyclohex-
ane, 3 carbon tetrachloride, 4 m-xylene,
5 toluene, 6 benzene, 7 methyl ethyl ketone,
8 acetone, 9 isopropanol, 10 dimethyl form-
amide, 11 ethanol, 12 methanol.. Plot for
Cu(TNP) is not given at B.

Fig.

Table 2 List of porphyrins

No. Porphyrin (abbreviation) mol. wt. Rat Rt Rat
1 porphine (POR) 310.36 -H : -H -H
2 tetramethylporphine (TMP) 366.47 -Me -H -H
3 tetraphenylporphine (TPP) 614.75 -Ph -H -H

N
4 tetra-4-pyridylporphine (TPyP) 618.71 -4 _;I -H -H
5 tetra-4-tolylporphine (TTP) 670.86 L »-Me -H -H
6 tetrakis (4-methoxyphenyl) porphine (TMPP) 734.86 -< _>-0Me -H -H
7 tetrakis (4-fluorophenyl) porphine (TFPP) 686.71 =< . -F -H -H
8 tetrakis(4-chlorophenyl) porphine (TCPP) 752.53 £ > -H -H
9 tetrakis (4-nitrophenyl) porphine (TNPP) 794.74 4 _>*NO 2 -H -H
10 tetra-1-naphthylporphine (TNP) 814.99 -Naph -H -H
11 etioporphyrin I (ETIO) 478.74 -H -Me -Et
12 octaethylporphyrin (OEP) 534.79 -H -Et -Et

t See in Fig. 11; Me=methyl; Et=ethyl; Ph=phenyl; Naph=1-naphthyl
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BHRTE, WTFhofko R {HLEHED 6 DKL &
LTHEECH S, —BCEEO B BRI L 023K
Chbl buxErbl, chboRER, EBEREEMHEE
B EHE » 5l 5 LC RT, Hl0 FERILLEWH
RTHREKRER LA TH- T, ShThrolicxs
Rtz Rohiow. BEEEORFHL, BHES R UK
5, wir—ANH;-v Y <o) H#7 ADEIC BK
T5. '

—77, Cu->V A ZEEMHETHRTIE, BEHERE
D 8 DI > T Re BRI TAEELRL, Wb
L LC RELTHBELCW5. TPYP L2048
ki, B THEEMCEREIRLM, 22 F sk
NAT I VEBBREETLIHEERTE, BHCBHTL
T ERBBRER .

4.3 WEOFRLEROER

LC it b Er7 4 U vEBHEEORFELFLER
L OB oW, TPP), TTP2), ETION,
PORS 7 X HRANLT7 4 V) v ik, RO H4EH
FOBAME RALT7 4V VTCHB~<FREALT7 4 Vv IX
(HP)3) DA DWW THRLR TV 5.

Bz, TTP rro&BEeEtk M(TTP) {M=Mg,
VO (33 v ), Ni, Gu, Zn, Pd} © Re A, >V
A, enre—A, Cg-v)Hh0o HPTLC Fuv—t
kT, coBEryACTRIEIh. ThXfho7 v
—+ ECBELBEHEY R IBHBEAKEILT, v
7 CEREELRE-m-F > v v, wir—-ATE~F
v -PERE, Ce-v YV A TRET b v-72 b=t
) ADBARD R Zhic. YU h 7 ARG Cp-v
) DBHROWT, BABEARKE R OBFRY, £
h#h Fig. 13 & Fig. 14 i3, vV » 2 A bci,

Ni-, Cu-, Pd 854k DB BIEE B> THSE L s b MRS

BIEEECHD. Ce-v ) h LTI, #EKOBEES
HECRL->TRY, SEoMETBCESTHS. it
¥, eam—A LT, Re HEMEIISEERITRAL B,
Ay DR LA BEEME T 5 7 kI E-.
I AN, ke —ADTHEREEEMRE LTR
DHHNBHEEED Ry L Cu-) H ETO Ry fHED
BitRD —fl% Fig. 15 wiR$. 7ciil, Rp=log(Re !
—1).
SEHEoFLEBC OV TREOEMBER S D &,
Ce-vVAabk e —A LT LBED BRF TITIEN
BELTW5S. v A BTt vrm—ARHBELT
TTP L5 2 ngkthk [VO(TTP)] oFFE1 HRINC
K. TTP (3, BaA7 4 Y vREPERIECH 5HEEM

EE: eBEKROHEK I v ST T 4 — 903

1.0.

0.8

0.6

Rs

0.4

0.2

0 O —
0 20 40 60 8 100

% m-xylene (vol/vol)

Fig. 13 R values of TTP metal complexes as a
function of the composition of carbon
- disulfide-m-xylene binary mobile phase3V
HPTLC plate : silica gel; Compounds :
A Mg(TTP), B VO(TTP), A Ni(TTP),
O Cu(TTP), @ Zn(TTP), [J PA(TTP),
& TTP

% acetonitrile (vol/vol)

Fig. 14 R versus solvent composition curves for
TTP metal complexes on Cjs-bonded
silica TLC plate3?

Mobile phase solvent : acetone-acetonitrile
mixture. The marks refer to the compounds
as in Fig. 13.

w@HRevyarrkovs s —rtoEERATLY,
N, VO(TTP) 12, oG ikT 5EBHE:DDC,
FRERV Y A XA ECHEIRE SR DEEL DR
5.
OB RIFTHFOLEBEOHECEEL T, Fb
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Fig. 15 Ry of TTP metal complex on silica gel
(@) or cellulose (Q) plotted against R,
on Cg-bonded silica

Phase systems : silica gel/carbon disulfide-
m-xylene (70: 30 v/v) ; cellulose/hexane-
carbon tetrachloride (50 : 50 v/v); Cis-silica/
acetone-acetonitrile (60 : 40 v/v)

SR REL LT Egic Pauling 0ELRMEE Ex
EBRhA R s olE A, ko Ry & ORISR
NI —BlE LT, Ce-> VU bt TTP @5k
tho Ry & (Ex/r) ©7w ., +% Fig. 16 w54, th
DEBO (Ex/r) BAINT 5 BRI RE D
FICH 53, wiw—2AR XY ArA0 R ECHEL
hd Ry LT, ThEFDOMHEAL BN B,
(Ex/ry) DKREREGBA A v OB, BEETFNH,
LEBNDOEBTFBEC L H2EMOPROBREIN KX L,
Az 4 ) VRETFRORELCOBESBA LT, ik
D\ (EHERCEEHE, BHERTERBEMH) o
HEERIV/INEL D, TOME, IEHER TEHEERR
YL, BHRTEWMAKTA2EHAZY RTIDE EX B
5.

44 KULT 4V OILFEMECKIIER

R HERELEALLEEDORLT7 4 U VIRDO\WT
FOBRFOKRX I ELHNDTFROBGRE, VA5 L, v
r—A, NHp- ) »D#EfELTHNLD., EBREO—F)
% Fig. 17 wird. #A7 4 ) VOSFEORAL &
LT Ry 2 BAT A HENE, ChbEEEEHEET &
ErRicoTh, B L TRLRA. BloEm:, <
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o ° L
e ©
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Mg Z_n V C}:ll\li Pld
2 3 4
(En/1:) X100 pm

Fig. 16 Ry of TTP metal complex versus the
E,/r; ratio of its central metal ion
HPTLC plate : Cis-silica; Mobile phase :
methanol () or acetone-acetonitrile (60 : 40
v/v) (@)

2-0 T T T T T

= 0.0 .
_2.0 [ 1 1 I 1 U—L 1
300 500 700 900
Molecular weight
Fig. 17 Ry as a function of the molecular weight

of porphyrin

TLC phase systems : silica gel/m-xylene
(O), NH2-bonded,/carbon tetrachloride (@);
Porphyrins : 1 TMP; 2 ETIO: 3 OEP:
4 TPP; 5 TTP; 6 TCPP; 7 TNP

RBHELT () v ORI SWTH Bbhk. v %
FANDERF=RAF =X, Trerllo 7=1%
DIFSP—WICKRENDZ LML TWE. Zofic
BT, 7 = = AEEBEALIEEHOR 5 HREN
PEL T T D, CDZ LWL, FA7 4 ) YERFHEE
BE—ELEC VT = = LB n BFRIL, B4V
VORBRIIRKERFEE XL TRV EXREBL T
Z.
fo T, BEHEOBRERI~NOEEL, FELTELT 4
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7 = = NERBAIRTHFARELRDIHE, K
T 4 ) V-TFO RBWMBE MY O BF =R F -3
BAT 5, Ry OBV Lig-oTHEINL DL
Bbhs.

Co-v V) »HEEHETARTORALT 4 ) v OREF
BH S AETHANLRLE®., 7ebv-Tb=21t )
BAEBEY B AVWBEDOZERLT7 4 ) VD K
Y BEEAR OB E LT, Fig. 18(a) wirRd. 7o
FAFEMNEA Ihic ETIO 2 OEP o & 1%, fliclt
RTEBDHTKREL, Thbir s anbBEHRI¥EIOK
EREAELL. TMP o ¥ LR AE L, »oF
A4Y v IrERLI. ZhbDHEALT 4 ) v Cu-vY
IR BRI EENFERABREL L THFETS
TAENBCHEDONELT 4 )V VEROFPRITH 5
LT N Xk NH 4 & BEEfE o HEMFE
BEhHbONEHEIDBID, HREALT 4 ) Y OFEAE
DFFE TN (Fig. 18(b)} LA, fUOELT 4+ Y
v OBE L IrREMz, ETIO, OEP, TMP of%ko
K, ®EdsEL7 409 vk oA LTHEE
EDBME o o T, TRABLTAFAEEFFD
BA7 4 )V, EREEEEFERLEV7 Y —DHEL
74V vOHDLZDOLZBERIEBERINCKEL KD ET
5.

i 9
20t 12 (a) 3 5 (b)
, 8
10} 7
6} {6
5 2 5 3
o 5
4 4} 10
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10 7
2 3\ 2t 6
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0_2;;;;553_ T~
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% acetone (vol/vol)
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o
<

Fig. 18 Capacity factors (k') for porphyrins (a)
and copper complexes (b) as a function
of the composition of an acetone-aceto-
nitrile binary mobile phase

Column : Partisil ODS-3 (250 mm X 1-mm
i.d.). Numbers in the figures refer to por-
phyrins as in Table 2.

W SRRk s v VS5 T 4 — 905

45 Cpy=> Y HLEDBESS/—ILOEE
Cs-vV 2 xEEME LT, ETIO L Zp 30,
=y r N, SEGEORFEYE L OBREAERBELYE BN
CERL TR LA, BEIHXR 727 =
FUADXSKIES e b v HEEEED L &, ETIO off
REBHBHEOVTHID SREIVD, A&7 —AKET
N — AR T E ETIO ofFrRAI LT, &8
FoFFl

Cu (ETIO0) > Ni(ETIO) >ETIO> VO (ETIO)

L ote®. 7 e b vikEERTabR ETIO o
KELHEIFL, Ce-v VI ERBETHYS, —n &
ETIO » DNH ik DN LoMEFAC LS
OTHh 7ra—aADFERI LD I ) — A ORETEM
METTB 0L E2bN5. Blo FEEx, OEP,
TMP i oW THEEIh T 5%,

Cu-> Y X EEMCH G HPLC k¢, ik
i BOEEIERLHC BT A& BT, <
vir v (I Ok BD Tl 7 7 AR Ih, B
HOEEETH B LAEHIACY. =y () o
X iesEE, BT 4 ) vORNORTIREDERR
NHREAIRT, W 4y (o Clh) a1
By, f-oTZoXshBEoRmVHED D, Witk
B AV IHHERTORFIPI VLD LOFHICK
Li¥BTh5b. '

BEMEL L LT ve=v 2k EGh=5/ — 1%/
W, g TPP ke fi~fE, 24D 7
EoffigEo gk, S FEE DO p-F+F v FM < —
([Fe(TPP)1,0), B35 2 (1V) gk [VO(TPP)]
DOREFIVELT ve=v 2sBECKTFRET —ETHDHD
L, ~vHFv A k= (D) ko R
WL ve=v 2BEOMINCHE > T HA L, Fig. 19
T X o, REE P oXE ERED X X
L, To5RM —1 oBERBER L 2 Rn2&h
7e®., HWEEEFRVBBHOR TR LW ZMEB O
oK E IR, BEEP CHEE L TA UGB A
v [M(TPP)1+ N Cp-v V) » FOBEY S 7 — A3
AN A VTR ETAZECIDBIDIDEELD
hie. '
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Fig. 19 log-log plot between thej capacity factor

(k') and the concentration of ammonium
chloride in ethanolic mobile phase

Compounds : 1 [Fe(TPP)J]20, 2 Ni(TPP),
3 TPP, 4 Co(TPP), 5 Fe(TPP)Cl, 6 VO-
(TPP), 7 Mn(TPP)Cl, 8 Co(TPP)CI,
Column : LiChrosorb RP-18 (7pm, 250 mm
X4-mm i.d.), at room temperature

46 SHEHOFEBFOXRIIL BRI OMEM

KB EIAEE AV 5 MARC BT 5 HEFOMHL, %
o8B IhTRWitWHE Th5. BEMH TH5
Cs->V A EREDPTET VI VCERL, LC RE o
T oh v e BEREE» SR HK-ERC EUT S &,
WHOZAMS R BEHE BBIH~DO BEO BRE
Sg & Sm WIXoTHRED, K BRARTEZLRS.

log £ = log S — log S\, + log ¢

BHEEEC XY fHHE ¢ 2L LT E, £ oxs
E Sm OXBUL, 25K -1 oEBEARERTIOL
FHRERS.

%z, ETIOD A A3+, =, 5, ~50 a8
oo, A Trz—n, PV RO AR —
=T b VEBEBE~ND Sy XWETE—F, hb
OEHEXBEBHCTHCT & 2RDI. ZOBER, —6
LLT Fig. 20 RN B L5577 my RGO,
—MWMOBSNEERE, £7 =, MIXZ B —1 OEHRER
T LTCEHATHS. i 280 ETIO &ESEkT
b AEERERAN A bR, ZhbosEx, ¥ LC R
PR-BRCAPIRTEREL LS ETHE LT —>
DI HE2 DD THHA, ZOMBER, S§HED,
TR T4 OERILED T AL T LC %8
EW-WOREBOEEK Y A5 L@ L T Wb

KAGAKU Vol. 35 (1986)

log(Sm/mol I-1)

Fig. 20 Relationship between the chromatographic
capacity factor (k') and the solubility (Sp,)
of Ni(ETIO) in the mobile phase solvent
used

Column : LiChrosorb RP-18; Solvents:
1 methanol, 2 ethanol, 3 1-propanol, 4 2-
propanol, 5 1-butanol, 6 2-butanol, 7 ace-
tone, 8 2-butanone, 9 dimethylformamide,
10~16 methanol-acetone mixture {% me-
thanol (v/v)—10: 5%, 11:10%, 12:20%,
13:30%, 14:40%, 15:60%, 16:80%]};
Temperature at 25.0°C

i b D LRI D,

407 BT 4V OEREEOITR

CHEREDORILDELT 4 UV VR EDEIBEEAED 4y HE
i, YU sy, NHy-> 0 5, Ceg-> 0 sk EORBEE
HEBWDZ ERHRETHY, ThThE#ED D 5 0H
RBEVHETED (H4BR). p-ER7 - = A EXBA
LicHEA7 4 ¥ vo fghithh Ce->V h 7 5 AT 5B
Lifi% Fig. 21 wiRd. ZoBHa, $EdoBHIE
ik, TMP %BRWCHRHETH DAL 7 4 ) v OB HIIK
Fe—87T%.

hL&BO R 2840 HA B, JERBEHEY
Ao LC BAERATHA. ZoBFE, BEEME
LCCs-v Vbt 2751-(Cy-) $EE5> ) HEHEBL
TE A, MBICIDHEI DN DEERES KTHDZ &
7" TPP oS B#ER G L LB THEND BT
%30,

Ce-> ) h% EEMH, 7r2bv-Txb=1t)LEE
BEXBHHEC LR, BxoBEKosBcEH
b DTH T, flxiE, TTP O&B&EDH B
% Fig. 22 ¥, ofT, #EofEX, KR
THROSBOIFRCHEML TW5.
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Fig. 21 HPLC separation of copper complexes of
meso~substituted porphiness)

Column : Partisil ODS-3 (10pm, 250 mmX
1-mm i.d.), at 25°C; Mobile phase : acetone-
acetonitrile (40 : 60 v/v),” 50 l/min ; Peaks:

1 Cu(TNPP), 2 Cu(TFPP), 3 Cu(TMP),
4 Cu(TPP), 5 Cu(TCPP), 6 Cu(TTP);
Detection at 415 nm

0.1 a.u.
ey

] 1

0 2 4 6 8 10
Time/min
Fig. 22 HPLC separation of TTP metal complexes

Column : LiChrosorb RP-18 (7 pm, 250 mm
X4-mm i.d.)4?); Mobile phase : acetone-
acetonitrile (70 : 30 v/v), 1ml/min ; Peaks:
1 Mg(TTP) 27 ng, 2 Zn(TTP) 29 ng, 3 VO-
(TTP) 59ng, 4 TTP 60ng, 5 Ni(TPP) 135
ng, 6 Pd(TTP) 149 ng, 7 Cu(TTP) 130 ng;
Detection at 420 nm

Mg< Zn< VO< (TTP) < Ni<Pd<Cu

A% 7 - %BBELE LT POR O, =, 71,
ROy ARG, Tebv-2xs—n (30:
0v/Vv) BEB#HH XY ETIO oirswa, =,
o, 50w ARUEEEES, 2z —n1-) VR
¥ (pH 3) (85:15v/v) EAEBEMc Ly, HP ©
W, =y ro, SN, ThZhiLlc&RBOMH

Wik EBREROHK I r< 5T 4 — 907

CRE-TH 7 20 bBEHL, GFETREE2EELS
BENER SR, ChBLOLBET, A7) VO
HEOBEN R B b b, SEoFFELT
ZTORLEBOEFCFEDINZ EXBRD ZHET
BT, MEBREBITDREALT 4V vEEEFROHEFT
BT HFINEST 2 LS.

~vHv (Al easu b () OFEOFENT, BE)
MR EREY RS LT, BIROCHELES
(Fig. 19 £). Fig. 23 RTHRVTUL, < v
v () g2 BRSBTS X5 HBENETh
T,

23

0 2 4 6 8 10 12 14 16 18
Time/min

Fig. 23 Reversed phase HPLC separation of TPP
metal complexes

Column : LiChrosorb RP-18 (7 pm, 250 min
X 4-mm i.d.)38); Mobile phase : 2.57X10-3
mol/l NH«CI in ethanol, 0.6 ml/min; Peaks
1 Mn(TPP)Cl, 2 VO(TPP), 3 Fe(TPP)Cl,
4 TPP, 5 Ni(TPP), 6 [Fe(TPP)]20

TLC &7 5 Ak TORFOR#EMT, His LYKo
ZErELZLRTIIVWED, BANRAICIhERLE:

AonEHd»TERTHS. BEEMRELT Ce-v Y 2%

B 7z HPTLC Tt R, & HPLC <o & DBJFHEMN
TPP O&BEAKCOVWTHARISRTED, BAOBE
BBEORT, Ry & loghk iz 5EMH 1 OERBK
D EMFEDD BRI, o &k, HPTLC
RO CBBEDT —x &, HPLC X5 RiFE7—
2 BEWIALFORERO TR, HEERGOEIRE
RThdHZEEE%RTS.

HPTLC X T, $hkoRIFoBE It TE,
Cg->V»» TLC 7 v —t k<, TPPW TTP),
HPM) 2z &BEEGIATHESh TV 5.

TPP D& Bk FEABEIHE v ¥ HPLC
TRECHBEIR, X, 2h bk o Soret RV F
D e AVBRICERE () HELL K (e>10%1mol-t cm~1)
THHZ EXFIHLT, KBRRRFOME=» 1,
87, ®gna TPP gk LT HPLC L, BWOEXE

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

908

BUNSEKI

BRHES S FAREBEV BRI Y. KBRTOSRBA
v TPP ghtke U Chi3 % D13 REE o, Kk
KEWTE, KE»L FREANL S=FroFIH L
A v (DDTC) gtk LT siBL, HEBEES ©
DDTC gith4 TPP gl BBT5HENE B Tuw
%. NBS #3556} Bovine Liver o3P BB X,
NBS & X5 AKMEE—FTHERENEB LR TV S.

S RL¥EOSRIER
OIS DR

ARHICE Eh 2B EEBRS OEREC ST, —#
KREERARELLTREE LTOSETEERENS 2 05h
LA, EEROEMERRRC R T, RUESE
TLRTH > THRARCEHCHEET S0 & FTHX
M, HoT, (LFBILRHPIERTE 25D
BRI OV TERD THAKERIE OIS Lo Ll
ffEhs. CoX5heREED > H, SEOBERT
SRENRDDTHIE LC X - THRLED L #Ex
bh, FEELIX, AHAREM, 8F3hs370y
£97, = ¥ AFRERL, FOHPEE~D LC D
HRAEZRZDOOH 5. Zhiciz, GPC ¢ HPLC %4
BFE L L THZ ALY, BEAER KIS (MWD)
& AAS BRICTH 5 AR OWTER: - TR
Wxf LELES MS RELRIERFEHALT5.
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PR A FREIZ, HY AF L Vigs\Ti 5000 ¢k
e foT, NFTY L, =,y ADWTRIND T A
DHERR AT R SEH TR, SRS THECh - 5 L HH
IALFER OIS THREL TV 5 2 L300 - 1.
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Fig. 24 Elution profiles of vanadium (open histo-
gram) and nickel (shaded histogram), and
the curve obtained by detection at 405
nm, for GPC separation of a residual oil
samplet?

Column : Shodex 801 gel, 52cmXx17.5-mm
i.d., 25°C; Solvent : benzene-methanol (95 :
5v/v), 1.22ml/min

ZhHbZ ENTFHEENID, GPC w4hyr-T, v
Ak BEMET AW LC A AR, Zhikk
DERENE, M, B (B ROUERM) By
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BED (VXD FEALLRVEY-T VRS
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LB ze=t 75 2% Fig. 25(a) i3, 4kl
ELS5KDOBY x5k E— 2R ELRTVWS. i —7
DEEMETORIN A7 + 1Y, MWD iz X », Fig.
25(b) wrT XORARESHINI:. A7 10K -
X, BT 40 vEREK, B VOETIO) o =~z
PRI EEAERE LTS, AAS X, RE—2
Mooy aBHEInies, ToBRE Y — 7
BiiigltiL iz, = oy, ¥ —79 & S HRHE
BUTTH otz ENBREMFDA 2y afyicizd
e EHIFEOERL7 4 YV VBT ERABZ LS
Ml -7z,

6 B
FREC B\ TIE, BB GPC L\ 5 58 2 4Bk

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

g

=
n
=

®

3

=
2

8
8
<

%
1} { 1 i
4 (b)
3

® 2

g 5

8

8

<

1
t 1 ! —Mﬁ_l_
400 500 600
Wavelength/nm

Fig. 25 An example of chromatogram (a) of preli-

k minarily fractionated crude oil, and the
spectra (b) recorded for respective elution
peaks by MWD

HPLC column : LiChrosorb RP-18 (7pm,
250 mm X4-mm i.d.); Mobile acetone : ace-
tonitrile (10: 90v/v), 0.8 ml/min
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Liquid chromatography of metal complexes.
Koichi Sarron (Department of Chemistry, Faculty of
Science, Tohoku University, Aramaki, Aoba, Sendai-shi,
Miyagi 980)

Studies on liquid chromatography (LC) of metal
complexes by our group are critically reviewed. In the
third chapter is described gel permeation chromato-
graphy (GPC) of metal complexes of g-diketones. The
distribution coefficient, K,,, for every metal complex
depended much on the solvent used. Practical GPC
was regarded as one based on a combined function of
size exclusion effect and partition effect. Introducing
the concept of a regular solution to a phase system of
GPC, the contribution of the partition effect could be
estimated from the solubility parameters of solute, sol-
vent and gel, the degree of gel swelling, and molar
volume of the solute. Solubility parameter was the
most useful guide for choice of the solvent to be used.
In the fourth chapter, the HPTLC or HPLC behavior
of porphyrin metal complexes is described. The effects
of stationary phase material and mobile phase solvent
on the retention of various porphyrins and porphyrin
metal complexes were investigated. The effects of the
ligated metal ion of complex and the chemical structure
of ligating porphyrin were also studied. Reversed
phase HPLC and HPTLC were successfully used for
separation of several porphyrin metal complexes. In
the fifth chapter was introduced the application of LC
to analysis of petroleum samples, especially with respect
to the vanadium- or nickel-containing species in the
samples. By use of both GPC and HPLC equipped
with rapid-scanning UV-visible spectrophotometric de-
tector and AAS, several vanadium species as porphyrin
complexes were separated and detected.
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